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THE INSTITUTION OF PRODUCTION ENGINEERS 


THE SELECTION AND TRAINING OF 
SENIOR EXECUTIVES IN ENGINEERING. 


Paper presented to the Institution, Glasgow and 
Edinburgh Sections, by I. Garvie, B.Sc., M.I.P.E. 


N order to fully appreciate the problem which lies before us, 
I let us consider for a few moments the origin of the problem, 
its nature, and its importance. In the very early days of 
industry, there was little or no concentrated labour; all the work was 
carried out by individuals or by members of the same family, so 
that executive or administrative duties hardly existed and where 
they did exist their influence was relatively unimportant. As 
time went on, the application of power driven machinery to methods 
of production made it necessary to concentrate the labour under one 
roof and as a result of this concentration some form of executive or 
administrative duty had to be established. Usually the owner of the 
business took upon himself these executive duties and his success 
was largely dependent upon his experience and his native ability. 

The next stage in the development of industry was the birth of the 
joint-stock system. Under this system industrial ownership was 
spread over a large number of individuals and the conduct of the 
business could no longer be carried out by the owners and therefore 
had to be placed in the hands of a body of managers. In this way 
management as a separate and definite function came into existence 
and since its inception management has become more and more impor- 
tant. The increase in importance is due to various causes. In the 
first place, science and technical developments have liberated great 
stores of energy which have eliminated man as a unit of energy and 
relegated to him the funtion of directing the machines which utilise 
the energy. Thus an idle or wrongly directed worker to-day is much 
more serious than it used to be when the loss from such a state of 
affairs was merely the energy of one man. 

Among other changes which have still further increased the im- 
portance of management are the complexity of business relations, 
the intensified competition, the volume of state regulations, and 
labour’s demand for a higher standard of living. It would be no 
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exaggeration to say that without efficient management, the creative 
forces of capital and labour would be powerless. 

If we look at the position from a purely national point of view, 
we will see that the prosperity of this country depends very largely 
on our industrial management being of the highest order. Thus, 
during the second half of the nineteenth century, this country was 
in the happy position of being the workshop of the world. There 
was plenty of work and no fierce competition so that efficient pro- 
duction was of secondary importance. But by the beginning of the 
present century, it was very evident that other nations had learned 
not only how to produce but how to produce at lower costs than 
we could in this country. Their success was largely due to a close 
study of manufacturing processes, supported by a clear conception 
of the advantages arising from management based on knowledge. 
As pioneers, we in this country have suffered and still suffer in the 
way that most pioneers do. Initial success lulled us to sleep and 
put us off our guard while foreign competitors forged ahead. To-day 
we are, therefore, faced with the proposition that management of 
the highest order is essential in our workshops, if Great Britain is to 
retain its place in the industrial world. 

The conclusion to be drawn from the foregoing is that industrial 
management must be regarded and dealt with as a highly important 
and skilled occupation. If this be true, then surely it is of vital 
importance that those who are to fill the managerial ranks of the 
future should be selected and trained with the greatest possible 
care and skill. But what do we find? If we review the history of 
many industrial concerns, we find that except in family concerns, the 
filling of the higher executive positions is to a large extent fortuitous. 
There seldom exists a definite plan for selecting and training the 
future senior executives. The reason for this seems to lie in the 
fact that the existing executives feel that so long as they are in 
charge, the business will prosper and there is no direct incentive 
for them to take the long view that it is necessary to perpetuate 
a high standard of management. It is for this reason that many 
concerns develop and prosper throughout one generation then 
decline and ultimately disappear. No provision having been made 
for the continuity of good management, the business falls into the 
hands of indifferent managers and its decline is inevitable. The 
waste that arises from this neglect is very considerable and it amply 
justifies an appeal to all concerned to give the question of the 
selection and training for the higher executive positions very careful 
consideration. 


Method of Approach 


A systematic approach to the problem of selection and training 
will begin by considering the duties that senior executives are called 
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upon to perform. Then from these duties there will be deduced the 
qualities and qualifications required. Having deduced and defined 
the requirements, consideration will then be given to the methods of 
selection and training. It should be mentioned here that the term 
“* qualities ” is intended to cover these abilities which are usually 
regarded as inherent, while the term “ qualifications ’’ is intended 
to cover acquired knowledge and judgement. 


Duties of Senior Executives 


If considered in detail, it might truthfully be said that there are 
no two senior executives in the engineering industry with similar 
duties. Each factory builds up its own system of working which 
is very often not a logical system but one adapted to suit the idiosyn- 
cracies of the senior people in the factory. The result is that execu- 
tives occupying similar positions in different factories have widely 
different duties. Despite his apparent dissimilarity in detail, yet if 
stated in general terms, the duties of all senior executives are very 
similar if not identical. 

Stated in general terms the duties are as follows: (1) To devise 
and build up an organisation to perform the work efficiently ; 
(2) to interpret the policy of the firm and give general instructions 
accordingly ; (3) to give technical guidance; (4) to co-ordinate the 
efforts of all concerned ; (5) to supervise the economical working of 
the factory; (6) to select and train subordinates. 


Qualities. 


The efficient performance of the above duties demands certain 
talents or personal qualities which comprise what is usually known 
as leadership. Except in a very few cases where special technical 
knowledge is of primary importance, leadership is the outstanding 
characteristic of all successful executives. A not uncommon con- 
ception of leadership is that it consists of the power to command or 
tha ability to dominate. Such a very limited conception is quite 
wrong and leadership based solely on power to command would 
prove inadequate in obtaining the best results from any group of 
workers. In industry there are occasions when the excercise of 
authority is essential in order to get things done, but to rely solely 
on fear or intimidation to compel workers to do their best is the 
method of the driver and the reverse of true leadership. Leadership 
is not interested in the results alone ; it is equally interested in the 
process by which the results are obtained. A leader might be de- 
fined as one who by his activities stimulates and energises all the 
members of his group into voluntary and enthusiastic action directed 
towards some common purpose. With true leadership, passive 
consent among the workers becomes active assent ; apathy gives 
way to enthusiasm ; indifference is replaced by conviction and 
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inertia is translated into initiative; all of which results in the 
creation of a new power by which the highest levels of attainment 
are reached. 

The personal qualities which constitute leadership are not identi- 
cal for all leadership situations. Each particular situation demands 
its own list of qualities and each quality must be weighted to show 
its relative importance. It is, however, possible to give a list of 
qualities which appear to be common to all leadership situations. 
The list, which is not arranged in any special order, is as follows : 
(1) Physical and nervous energy ; (2) Intelligence ; (3) Integrity ; 
(4) Enterprise ; (5) Enthusiasm ; (6) Perseverance ; (7) Confidence ; 
(8) Self control ; (9) Vision; (10) Cheerfulness. 

Very few executives are likely to possess all these qualities in their 
highest degree but the nearer one approaches to this condition the 
nearer one approaches to the ideal leader. 

When discussing the problem of selection, it will be necessary 
to consider if it is possible to measure such qualities and if so with 
what degree of reliability. Similarly, when discussing the problem 
of training, it will have to be admitted that so far as most of these 
qualities are concerned there is a good deal of truth in the statement 
that leaders are born not made, but nevertheless, consideration 
will have to be given to the possibility of stimulating and develop- 
ing these qualities. 


Qualifications. 


If a senior executive is to function efficiently he must possess 
numerous qualifications in addition to the personal qualities already 
mentioned. These qualifications are acquired, and are the result 
of education, training, and experience. Each executive position 
demands its own special list of qualifications, but if stated in broad 
general terms, all executive positions demand the same list of 
qualifications. For example every senior executive should possess : 
(1) A high standard of general education ; (2) technical knowledge 
relating to the industry concerned; (3) technical knowledge 
peculiar to the business in question ; (4) a knowledge of the general 
principles and methods of management and organisation; (5) 
experience in excutive duties. 

Most people acquire their general education before entering 
industry, but the other qualifications are usually acquired after 
entering industry. 


Selection. 


In selecting people for senior executive positions, there are two 
sources of recruitment : (1) From the staff already in the business ; 
(2) from outside the business. 
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Selection from those already in the business has obvious advan- 
tages. It stimulates the existing personnel. The knowledge that 
promotion is possible within the business concentrates their efforts, 
secures their loyalty and encourages long service. Further, by 
selecting those who have served the business for several years, use 
is made of the best traditions and an intimate knowledge of the 
business. A stranger coming into a business is at a disadvantage 
through lack of such tradition and knowledge and may have to 
live down a feeling of jealousy and suspicion in the minds of those 
who had hoped to occupy the post he now holds. There are occa- 
sions when a selection from outside is inevitable. The characters 
of the business may change or widen, and expert advice and guid- 
ance become essential. Or it may be that a completely unexpected 
vacancy arises and there is no one in the business available to take 
on the duties. In the latter case it is generally much better to select 
a suitable person from outside with all the attendant disadvantages 
rather than make the mistake of converting a first class designer 
or other technical worker into a third rate administrator. This is 
not an uncommon mistake and it arises from a failure to appreciate 
the fact that the qualities and qualifications of an executive are 
widely different from those of a designer. There are, of course, a 
few cases where the work being done is of such a highly technical 
character that technical guidance is of more value than executive 
ability. 


Age for Selecting. 


If it is agreed that the best procedure under normal conditions 
is to recruit from the existing staff, then the first question to answer 
is, at what age should selection be made ? One advantage of making 
the selection at an early age is the opportunity it gives for an 
extensive and thorough training. Another advantage is that 
men while they are young and enthusiastic are susceptible to 
training and will strive hard to learn all there is to learn, whereas 
at a later stage in life enthusiasm and determination have somewhat 
faded. This is one of the reasons why it is inadvisable to appoint 
an experienced designer to take over executive duties in the factory. 
This is not an uncommon practice but it seldom proves entirely 
satisfactory because such a person not only lacks the determination 
to make fresh studies, but also finds great difficulty in readjusting 
his viewpoint. 

On the other hand, selection must not be made at too early an 
age, otherwise there will be insufficient evidence on which to base 
a reliable selection. Shortly after completing his apprenticeship, 
when the young man will be about twenty-two years of age, appears 
to be a suitable age at which selection might be made. By that age 
he has settled down and has had some opportunity of displaying his 
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talents. The selection should be based on three factors: (1) Stan- 
dard of general education ; (2) progress with vocational studies 
(3) leadership qualities. 


Standard of General Education. 


It is suggested that the standard set should be a fairly high one. 
No one who has failed to pass the Higher Leaving Certificate 
examination or a University preliminary examination or their 
equivalent should be accepted. The value of a pass in these examina- 
tions is often criticised but the fact remains that such examina- 
tions are still the only means of assessing the capacity of a youth to 
do concentrated study and to acquire knowledge. Apart from the 
question of mental capacity, a pass of this kind affords proof of 
an all-round general education and a degree of culture which are 
very beneficial if not essential for one who is to occupy a senior 
executive position. The enforcement of such a standard will narrow 
the field very considerably but this need not cause any alarm 
because the number of youths entering the engineering industry 
with this qualification is ample. 


Vocational Studies. 


Most youths during their apprenticeship undertake vocational 
studies. These studies are carried on at universities, technical col- 
leges, evening classes, works’ schools or through some other educa- 
tional agency. Whatever be the method of carrying on these 
studies, records of the progress made are usually available and if 
these records are tabluated each year, as they should be, then when 
the time comes for selection, a review of these records will show those 
who have displayed the greatest aptitude and determination. A 
first-class record will not only indicate mental capacity but will 
also indicate the acquisition of vocational knowledge. A further 
selection based on these records will again narrow the field. 


Leadership Qualities. 


Of all the youths so far selected only a few are likely to possess 
these personal qualities which constitute leadership. The re- 
mainder will have qualities and qualifications which will fit them 
for such technical occupations as designing, research, experimental 
work, etc. The real difficulty, however, now arises of discriminating 
between the two types ; of discovering those who possess leadership 
qualities and to what extent they possess them. If we wish a rod 
of a certain length or a vessel of a certain volume, we can measure 
them with precision and select exactly what we require. So long 
as we can state what is required in measurable units, then selection 
is simple, but in the problem before us, while we may be able to 
state our requirements in general terms, we are unable to do so in 


162 





ae 


Taha oes SMe Oe 








SELECTION AND TRAINING OF SENIOR EXECUTIVES IN ENGINEERING 


measurable units. In other words, we have not yet reached that stage 
where the art becomes a science and requirements can be stated and 
measured in some standard units. The selection of leaders is still 
very much an art and will probably remain so despite the efforts 
of psychologists to raise it to the standard of a science. Since 
selection is an art, it must depend on judgment. There are three 
methods of aiding one’s judgment on this question of leadership 
qualities. The first is to obtain information regarding the extent 
to which the young men in question are acting as leaders in athletic, 
social, or other clubs inside or outside the factory. It seems to have 
been established that leadership develops at an early age and that 
those who act as leaders in youth continue to act as leaders in 
after life. If, therefore, inquiry reveals that some of the young men 
are taking a leading part in any of the clubs inside or outside 
the factory, it may be taken that they possess some of the qualities 
which go to make a leader. 

The second method of discovering leadership qualities is the very 
simple and direct one of placing each youth in such a position that 
he can display any latent talents he possesses associated with leader- 
ship. 

Despite what has been said about leaders in youth being leaders 
in after life, there are certain men who will only display their leader- 
ship qualities when the necessity arises. Such men must be given an 
opportunity by being placed so that the necessity does arise. In 
every engineering factory there are always some small sections 
or groups of special jobs to be done which can be entrusted to one 
of these young men. 

If the young man has the qualities of leadership, he will enthuse 
over his minor appointment and unconsciously display these 
qualities, whereas the young man without these qualities will show 
no such reaction. 

The third method by which leadership qualities may be dis- 
covered is the ancient one of conducting an interview. Though 
well established, this method is perhaps not so successful in practice 
as it is supposed to be. 

It is a strange fact that most people are under the impression 
that they possess the gift or faculty of estimating the qualities of the 
people they interview ; whereas the real truth is that their estimates 
are very often wide of the mark, because they have allowed them- 
selves to be influenced by irrelevant or unimportant factors. For 
example, if the person being interviewed resembles someone whom 
the interviewer likes or dislikes, the estimate goes up or down accord- 
dingly. Even a name by its association with others of a similar name 
often influences the opinion of the interviewer. Or again, if there 
is discovered a mutual friend, a similar hobby or pastime, or a sub- 
ject of common interest, the person being interviewed is likely to 
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profit by this. If on the other hand, the interviewer fails to find 
some particular characteristic to which he—quite erroneously per- 
haps—attaches a great deal of importance, the person being inter- 
viewed is likely to be unduly penalised. 

However, despite all these possibilities of a biased judgment, the 
process of selection by interview has a great deal to be said for it, 
and provided it is carried out in accordance with some prepared 
scheme, the possibility of a false judgment can be minimised and 
reliable decisions arrived at. This can best be done by preparing 
beforehand a list of the qualities desired. By attaching a number 
to each, these qualities can be weighted according to their im- 
portance in particular circumstances. For example, in connection 
with some leadership situation one quality may be much more 
important than another in which case the first quality would be 
given, say, twice the value of the other quality. 

Immediately after the interview marks are awarded for each 
quality according to the scale. The total number of marks gained 
relative to the possible number of marks will give a more reliable 
indication of the candidate’s qualitiesjthan would have been ob- 
tained had no rating values been used. ‘If the procedure is repeated 
by another interviewer the average result is likely to be still more 
reliable. It will be clear, however, that such a method is far from 
being scientific. Its success depends almost entirely on the skill 
and judgment of the interviewer and the suggested list of qualities 
with values attached is simply a means of focussing the judgment 
on the essential qualities. In this respect therefore selection is 
distinctly an art. 

Probably it will be suggested that many of the qualities which 
constitute leatlership could be assessed more accurately by day to 
day observations under working conditions. There are objections 
to such a suggestion. The first is that the young men from whom 
the selection is to be made are not always employed in positions 
where they will come in contact with those whose duty it is to make 
the selection. Where contact is made, it is fortuitous and not 
according to any plan and the impression created in the mind 
of the selector is most likely to be coloured by the worry or pleasure 
arising from the incident which brought about the contact although 
the young man in question may have no responsibility in the matter. 
then again the impressions gathered under these circumstances are 
only side issues at the moment and are not recorded but are dug 
out from the memory in a doubtful condition some months later. 
The interview method has the merit that it is a definite and con- 
centrated effort on the part of the interviewer to assess specific 
qualities. 

There is another method of selection which has much to recom- 
mend it. It is really interwoven with a scheme of training and 
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applies more particularly to firms of some magnitude. The idea 
is that one or two of the senior members of the staff should give a 
series of lectures to those young men who have qualified by virtue 
of their standard of education and vocational attainments. The 
lectures will deal with the products of the business, the organisation 
of the business, and the problems associated with factory manage- 
ment in general. At the end of each lecture a discussion will take 
place. In this way the members of the staff who give the lectures 
will come into close contact with each member of the class and 
gradually form a very reliable estimate of his make up. In this 
way it is possible to select and place these young men according 
to their aptitudes. 


Training. 


A complete scheme of training for senior executives in engineering 
will include a practical side and a theoretical side. The practical 
side will be obtained in the factory by personal experience in 
executive duties. If the training were not carried beyond this, 
that is, if it were limited to personal experience, there would be a 
great deal of trial and error with considerable waste. If the 
thoughts, knowledge and experience of each generation were to 
die with the people and the subsequent generation had to learn 
everything afresh, little or no progress would be made. The rate 
of progress depends very largely on the extent to which this know- 
ledge is collected and imparted to the next generation. It is, 
therefore, essential for maximum progress that the knowledge 
derived from the experience of each generation should be placed 
at the disposal of the next generation. The process of collecting 
this information and imparting it constitutes the theoretical side 
of training. 

This theoretical training for senior executives in engineering has 
not yet been properly developed largely because its importance has 
not been fully appreciated. There are, however, one or two uni- 
versities and colleges throughout the country which are alive to 
its importance and have taken the necessary steps to provide suitable 
facilities. Evidence that the subject is gradually attracting attention 
is to be found in the fact that several technical societies have 
included industrial administration in their qualifying examinations. 
But in engineering there is as yet no great demand for executives 
who have had the benefit of such a theoretical training, not because 
those who are responsible for appointing the executives fail to 
appreciate the need for good executives but because they are 
unaware of the advantages of having executives who have obtained 
a theoretical training. There still remains the tendency to rely 
solely on the native qualities of executives who have been thrown 
up by the force of their own personality; but with the rapid develop- 
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ments and keen competition in industry, such executives cannot 
hope to compete with executives of equal or less personality who 
have acquired the wide knowledge which a theoretical training 
provides. 


Practical Training. 


Once a young man has been selected for promotion, definite 
steps should be taken to give him a sufficiently wide and varied 
training of a practical nature to fit him for one of the higher execu- 
tive positions. The usual method is to hand him over to some 
senior executive to act as assistant. Unless a fairly definite plan is 
mapped out and followed, this method may produce very poor 
results because many a man. reaches a position of authority by 
virtue of native ability who lacks the inclination and gift for train- 
ing others. He has no use for an assistant and insists on doing 
everything himself. Such a man fails to appreciate that the day 
may arrive when his own promotion has to be passed over because 
there is no one trained and ready to take his place. In order there- 
fore to ensure that the assitsant will be properly trained a definite 
programme of work should be planned in advance. The programme 
of work should deal very largely with investigations into specific 
problems associated with the product or with the various aspects 
of the factory administration. It must be realised that these 
investigations are not merely excercises for training purposes but 
are useful pieces of work which must be carried out in every factory. 
No business can afford to be static. To stand still is to retreat. 
Progress demands changes and these changes have wide reactions 
so that it is necessary to make periodical investigations to ensure 
that the old arrangements fit in with the new conditions. And 
there is a good deal to be said for such investigations being carried 
out by young unprejudiced minds. In this way a dual purpose is 
served ; the assistant gets a first class training while the business 
gets the benefit of being kept up-to:date. The programme of work 
will have to be adjusted to suit the particular factory in question, 
but the examples given in Appendix I will illustrate the type of 
investigations that might be included. 

While carrying out these investigations the assistant will report 
to his senior at regular intervals. The discussions which arise will 
afford the senior an excellent opportunity of instilling into his 
assistant enthusiasm, determination, a sense of justice, and a true 
appreciation of the information collected. In this way a senior 
can play a very important part in moulding and strengthening the 
character of his assistant. He can create an attitude of mind that 
will influence the whole trend of the assistant’s future work. 

At the end of each investigation a written report should be 
prepared giving full particulars of the investigation together with 
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the conclusions and decisions arrived at. These reports should be 
filed away for future reference. At the end of two or three years 
any young man who has passed through such a course of training 
will have acquired, not only valuable knowledge but also that im- 
portant faculty of being able to co-operate with others. 


Visits to other Factories. 


Someone once remarked that a manager whose experience was 
confined to one factory was like a doctor who had only one patient. 
While the analogy is somewhat exaggerated, it fulfils its purpose 
by drawing attention to the danger of restricted experience. It is 
therefore wise for the young man in training to widen his experience 
by visiting other factories. The usual type of visit to a factory 
where one has a general walk round is interesting and in some cases 
useful but for the purpose of training it is of doubtful value. A visit 
made for the purpose of training should be restricted to the study 
of some specific question. For example, when some of the investi- 
gations which have been suggested are nearing completion, it 
would be most helpful for the assistant to visit one or two selected 
factories in order to study what is being done by other people in 
connection with this particular problem before he prepares his 
final report. Such visits will be mutually beneficial because points 
will be raised and questions asked that will focus the attention on 
some aspects of the problem which have been overlooked in the 
past. In this connection it is pleasing to note that to-day there 
exists in industry a real spirit of willingness to assist one another 
in such matters and therefore there should be no difficulty in 
making the necessary arrangements. 


Theoretical Training. 


The engineering courses provided at the universities, technical 
colleges and technical schools in this country are generally of a 
very high order of merit and cover a wide field of engineering. 
They provide theoretical training in all the various branches such 
as Mechanical Engineering, Civil Engineering and Electrical Engin- 
eering, but it has to be noted that the courses provided are particu- 
larly adopted to suit those who will be called upon to function as 
designers. 

In very few cases can it be shown that suitable and adequate 
training has been provided for those whose function it will be to 
organise and control production. Now, the economic importance 
of this aspect of industry is so very obvious that it is rather surpris- 
ing to find such an omission. 

If it is a sound proposition to provide technical training which 
covers every aspect of the design side of engineering, surely it is 
equally sound to provide technical training which covers every 
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aspect of the production side of engineering. 

It therefore appears that in the future a course of study will 
have to be provided for those who are to organise and control 
production which is as comprehensive and complete as the present 
courses are for those who are to do design work. 

All engineering courses have a common portion which includes 
mathematics, mechanics, and chemistry, as these subjects constitute 
the ground work on which the subsequent courses are built. There- 
after the courses are specialised in accordance with each particular 
branch. In the proposed course it is suggested that the same pro- 
cedure should be followed. The course would be divided into three 
parts. The first part would be devoted to the common subjects 
already mentioned. The second part would deal with the processes 
and principles associated with production, while the third part would 
deal with the various subjects coming under the heading of indus- 
trial administration. 


Processes and Principles Associated with Production. 


The aim of a course of study of this kind must be clearly understood. 
Most senior executives in engineering find it impossible to have 
technical mastery over all the processes and method of production 
which come under their control and the larger the business and the 
wider its scope the more impossible does this become. In order, 
however, that a senior executive should be able to give wise guidance 
to the directive effort of the factory as a whole, he must possess 
some knowledge of the essential feature and principles underlying 
these processes and methods. Most senior executives realise the 
need for knowledge of this kind and they endeavour to equip them- 
selves by private study, by reading technical journals and by 
attending the lectures of technical societies, but there is a distinct 
lack of any systematic course of study along these lines and it is 
this systematic course of study which it is suggested should form the 
second part of the complete course. It will be clear, therefore, 
that this course of study is not intended to give complete mastery 
but to give a broad general knowledge of the methods of production 
together with a grasp of the principles underlying each. In order to 
give some idea of what is intended, a proposed course of study has 
been drawn up and is shown in Appendix II. This is merely a 
skeleton curriculum on which a fuller and more adequate one could 
be built. In preparing the full curriculum, each district would 
no doubt include.or enlarge on the processes and principles associated 
with any industry peculiar to that district and in that way give the 
local industry the greatest possible assistance. 


Industrial Administration. 
As was pointed out at the beginning, modern industry has 
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created and raised to a very high standard of importance the func- 
tion of administration. Proficiency in industrial administration 
might be acquired by experience alone, but this would be a slow 
process and at the best could not be otherwise than inadequate. 
Knowledge gained by such a method is very limited and in the 
end may amount to no more than the justification of the policy of 
one particular firm or individual. Experience, though essential 
as a part of the training is gradually being recognised as a poor 
substitute for systematic instruction and hence there has arisen 
the need for some systematic and concentrated course of instruction 
in industrial administration. 

Some of our foreign industrial rivals have given this problem 
very careful consideration and have established numerous training 
courses to cope with the need. This is particularly true in the 
United States of America and Germany. In this country, however, 
the idea is still very new and therefore the facilities provided 
for tuition of this kind are not yet adequate. 

It is not likely that these facilities will be improved or augmented 
by the education authorities in this country till employers become 
aware of the advantages of such a training and thereby create a 
demand for it. One of the most advanced centres in this respect is 
Manchester, where in 1918 a group of employers, impressed with the 
need for trained administrators, established in co-operation with 
the Manchester College of Technology, a department of industrial 
administration. The scheme has been carefully developed and 
other industrial centres would be well advised to follow Manchester’s 
example. 

Fortunately there are a number of technical societies in the 
country which are alive to the importance of this matter and have 
therefore included industrial administration as one of the subjects 
in their qualifying examinations for professional recognition. In 
districts where there are no classes provided for tuition of this kind, 
students must be greatly handicapped when preparing themselves 
for these examinations. They must either resort to home study or 
enrol with one of the private educational agencies, a few of which 
sensed the need for such tuition several years ago. 

The object of placing industrial administration at the end of the 
course of studies is to ensure that by the time this part of the 
course is reached the student will have had some experience of 
factory life and will, therefore, be in a better position to appreciate 
and assimilate the tuition given. If the student is too young and 
lacks factory experience he will be less earnest in his studies and 
will not profit to the full extent. 

The curriculum drawn up in connection with this part of the 
course should seek to provide the student with a broad outlook 
on the more important industrial problems. An attempt has been 
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made in Appendix ITI to give an outline of a suitable curriculum. 

The inclusion of industrial history in this curriculum is justified 
on the ground that a knowledge of the various phases through 
which industry has come should help to prevent repeating the errors 
of the past and should prepare the student to face the fact that 
industrial conditions are not static but are constantly changing. 

The only other item in the curriculum that need be referred to is 
the one dealing with costing. This aspect of factory control is one 
that most engineers usually neglect and yet if it were properly 
developed and applied it is one that could be made to prove most 
useful in the economic running of the factory. 


Recognising the Problem. 


In dealing with a problem of this kind there are six stages. The 
first stage is to recognise that there is a problem. When this has 
been accomplished the second stage is to collect all the information 
relating to the problem. The third stage consists of defining the 
problem. The fourth stage relates to the planning of methods for 
dealing with the problem, and the fifth stage is the practical appli- 
cation of these methods. The final stage is to observe the results 
and adjust the methods in accordance with the requirements. 

Strange as it may seem the first stage is by far the most difficult 
stage to get over. So far as the problem before us is concerned, 
this country as a whole is still very far from completing this first 
stage. Many employers and many of those responsible for our 
educational facilities have still to become conscious of the fact that 
training for the higher executive positions in industry is an urgent 
and important problem. 

Immediately this stage is passed the succeeding stages will no 
doubt follow rapidly and this country will soon attain the success 
which it is accustomed to in such educational matters. Action, 
however, must not be delayed too long otherwise our industrial 
rivals will have forged so far ahead that it will be a difficult task to 
overtake them. An appeal is therefore made to all concerned to 
give this problem close consideration and to take action at the 
earliest possible opportunity. 


Appendix I. 


TypicaL FAcTORY PROBLEMS TO BE UNDERTAKEN DURING TRAINING PERIOD. 





(1) Investigate the extent and cause of idle time in the machine shop or 
some particular section of it. 


(2) Investigate the extent and cause of rejections over a limited period 
of time. 


(3) Investigate the extent and cause of delays in the assembly shop or 
some particular section of it. 


(4) Analyse the wage costs and material costs of certain jobs which have 
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come out unusually high in cost. 


(5) Review all the store keeping methods throughout the factory with a 
view to securing efficiency and uniformity. 

(6) Study the condition and efficiency of all internal transport and hoist- 
ing gear. 

(7) Study the fire risks throughout the factory and report on the situation, 
conditions and efficiency of the fire-fighting equipment. 

(8) Report on the arrangements for cleaning the factory. This includes 
floors, windows, roofs, drains, etc. 

(9) Report on the heating and lighting arrangements including such items 
as cost of fuel, cost of lamp renewals, handling facilities for fuel and ashes, 
etc. 


(10) Study the regulations regarding safety in the factory and report on 
the existing conditions. 


Appendix II 


SUGGESTED SKELETON CURRICULUM FOR COURSE ON PROCESSES AND 
PRINCIPLES ASSOCIATED WITH PRODUCTION. 


(1) Materials. Source of supplies. Principles of manufacture of the chief 
ferrous and non-ferrous metals used in engineering. Composition and general 
properties of each. Applications and influence on manufacturing processes. 
Origin, characteristics, and applications of various woods. 

(2) Testing of Materials. Metallography as applied to testing. Testing of 
metals for strength, hardness, ductibility, resistance to wear, resistance to 
corrosion, etc. 

(3) Heat Treatment. Pyrometry. Types of furnaces and their applications. 
The physical and thermal principles of heat treatment. Various methods of 
hardening. Heat treatment of special steels and non-ferrous metals. 

(4) Primary Processes. Foundry equipment and principles underlying © 
foundry methods. Centrifugal casting. Die casting. Drop forging. Plant and 
principles associated with rolling, drawing, and extruding metal. Electric and 
acetylene welding. 

(5) Theory of Metal Cutting. Review of the experiments on the cutting of 
metals. Effect of feed, depth of cut, angles of tool, chatter, etc., on cutting 
speed. Various cutting media. Theory of work hardening. Cutting lubricants 
and their applications. 

(6) Machine Processes. General principles underlying the design of machine 
tools. Theories associated with various machining processes such as turning, 
milling, drilling, grinding, lapping, broaching, press work, gear cutting, etc, 

(7) Metrology. Basic principles of modern methods of measuring by mech- 
anical and optical means. Practical applications to linear and angular dimen- 
sions with limitations and probable sources of error. Limits and limit systems 


Appendix III. 


SUGGESTED OUTLINE OF SYLLABUS FOR A COURSE OF LECTURES ON 
INDUSTRIAL ADMINISTRATION. 


(1) Industrial History. Early forms of industry. Factors leading up to the 
industrial revolution. Growth of factory system. Reasons for localisation of 
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industries. Principles underlying increase in productivity. Development of 
labour conditions through statutory and voluntary schemes. Modern ten- 
dencies. 


(2) Factory Lay-out. Selecting a site. Types of factory buildings. Lighting, 
ventilation, and heating. Power supplies. Lay-out of plant and machinery. 
Lifting and transport equipment. 


(3) Production Control. Co-ordination of drawing office and workshop. 
Function and methods of the process planning department. Duties of the 
investigation department—method study, motion, and time study, fatigue 
study, rate fixing, etc. Progress department and its duties—control boards 
and progress charts. Factory records. Function of inspection. Different 
methods of inspection. 


(4) Works Organisation and Management. Various forms of organisation 
line, line and staff, and functional. Personal side of management. The control 
of labour—selection and traing of apprentices, workers, and staff. Negotiating 
machinery. Welfare work. 


(5) Wage Systems. Time work. General principles of payment by results. 
Piece work. Premium systems. Task and bonus systems. Profit-sharing and 
co-partnership schemes as incentives. 


(6) Purchasing and Stock Control. Organisation of purchasing department. 
Classification and records of purchases. Control of deliveries. Use of market 
statistics. Different types of stores and their lay-out. Methods of checking 
receipt and issue of material. Stock-taking. 


(7) Factory Costing. General principles. Systems of costing. Analysis of 
productive and non-productive labour. Overhead charges and their distri- 
bution. Depreciation. 


(8) Law in Industry. CoMMERcIAL Law : Contracts, agencies, insurance, 
sale of goods, banking transactions. Shipping, carriage, patents, trade marks, 
etc. ComMPANY : Company formation. Articles of Association. Powers and 
duties of directors. Winding up and bankruptcy procedure, etc. Factory 
Law: Factory Acts. Workmen’s Compensation Acts. Health Insurance 
Acts. Unemployment Insurance Acts. Employers’ Liability Acts. 
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Discussion, Edinburgh Section. 


Mr. I. L. Bennet (Section President): We have listened to- 
night to an excellent paper, though I do not entirely agree with all 
that Mr. Garvie has said. I think that with a knowledge of his 
subject such as he has shown in preparing this paper, you would 
really have to read it again before you could pick out the bits that 
you wanted and see if you could analyse it. 

Mr. Peet: I agree with you that Mr. Garvie’s lecture is very good, 
but where he specially emphasised that for leadership and that 
sort of thing they should be university men, I disagree with him, 
and I should like to remind him especially of some of his own 
Seots pioneers. It is in the hard school of life where you are going 
to find leadership, or rather I should say men with leadership and 
the men who can get things done. There are one or two colleges in . 
the British Isles, such as in our own city here, the Heriot Watt, and 
Loughborough College, well knowa for training for executive 
positions ; but as regards the average public school and university, 
I do not think they do. Taking anyone from there, he really is still 
in his schoolboy days, and I think you will agree with me there 
are no schoolboy days in the production of to-day. Everyone 
has to be on his tiptoes and has to get at it. My experience in 
connection with that is that the boys who are trained {rom an early 
age, not from an age when they leave the University, but before 
that, are those who are gong to make the best executives. 

Mr. Garvie: I am very sorry—perhaps I read the paper so 
quickly that I mislead you, but I certainly did not say that an 
executive must be university trained. What I did say was those 
selected for senior executive positions should have a general educa- 
tion of a high standard. I still stick to that, but I do not claim that 
he must necessarily be university trained. I think every senior 
executive should have a wide general education and it is better 
that he should have this before he starts his training. I fully 
realise the point about a few wonderful men who have had a very 
poor education and yet have risen to the top, but such men are 
very rare and we cannot hope to get sufficient of them to fill all 
executive positions. While I stated that one of the essentials was 
a good general education, I did not claim that this had any bearing 
on leadership qualities. In the main such qualities are born in a 
man, not made. 

Mr. Burns: But Mr. Garvie did make a fairly positive remark 
that no one without the Higher Leaving Certificate was fit for an 
executive position. I would hardly go so far as that, otherwise 
you are condemning sometimes very clever, conscientious boys, 
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and to say that they are quite unfit for filling executive positions 
is setting just rather a difficult standard, because there are many 
boys who have passed their Higher Leaving Certificate to-day and 
is is really pathetic to sit and interview them and to set them some 
very common pieces of arithmetic, or simple questions, and to hear 
the answers, so that I don’t think that has an outstanding bearing 
on what a boy might become in later years by dint of perseverance. 
Also, one qualification which you did not mention, and which I 
put particular stress on, is conscience. I don’t think you mentioned 
that, but one can have all these qualifications, but if you don’t 
get that man with a real conscience in his work—I mean truth in 
it—very often it doesn’t amount to very much. 


Then there was the question of the advantage or disadvantage 
of taking a man out of your owa works. I do not think you covered 
the question of possibly taking a man, say an engineer, and putting 
him into an entirely different industry, because most of the industries 
. nowadays are benefiting greatly by the influence of the production 
engineer. Take even confectionery, rubber manufacture, or boot 
making, the production engineer there, although he is not in an 
engineering shop, can still bring to bear all the various factors of 
overheads, labour conditions, and so on, which are not enirely 
dependent on the engineering shop. 

I have a note here about the American system of choice. We 
are rather inclined in this country to advertise for a man who has 
go so many degrees and that is the main thing which is set out in 
the requirements, but I don’t think the Americans pay so much 
attention to that, they get really down to the core of the thing, they 
do not bother so much about the university degrees. When all 
is said and done a man may have all the university degrees in the 
world but he may not have the percentage of qualifications ; that 
receives far too much importance nowadays in choosing men. 

Another point occurred to me with regard to the Appendix I, 
list of subjects which should be undertaken during a training period, 
and I thought a certain amount of* costing, estimating experience 
in relation to overheads and intricate costs are all necessary for 
anyone getting a senior executive position. 

Mr. Garvie: I agree with you, Mr. Burns, regarding costing. 
I think every senior executive should have a knowledge of costing, 
and for that reason I have included costing in Appendix III. With 
regard to university degrees, it must be kept in mind that a uni- 
versity degree does not qualify a man to hold any particular position. 
It does, however, indicate that the holder has had a training that 
should equip him to deal more readily with the problems he will have 
to face. Scotland is very backward in this respect, that there are no 
university courses specially adapted for the training of the man 
who is going to face problems in industrial management. Glasgow 
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has three classes, one on Engineering Production, one on Engineering 
Economics and one on Industrial Psychology, but these are in- 
sufficient to cover the whole ground. 

I can hardly agree that in America they pay very little attention 
to degrees in connection with industry. In this respect they are 
further ahead than we are. In some of the universities in America 
are hundreds of students studying for a degree in Industrial 
Administration. It would be to our advantage if some of our 
universities could make the same claim. 

Mr. Lez: Among the attributes of the senior executive there is 
one which to my mind seems very important, and that is sound 
common sense. I have had to do with a number of men who seem 
almost entirely devoid of useful common sense. 

Mr. Garvie: That is perfectly true. Sound common sense 
is an essential atribute. I did not mention it, because to a large 
extent it is essential in every sphere of life. 

Mr. Corsett: I did make one or two notes but I was rather 
afraid to get up and say what I was going to say when I saw Dr. 
Muir sitting in the room—I wasn’t going to be very kind about 
university training. Mr. Peet took this up. While a student was 
at the university industry was forging ahead and he would be learn- 
ing methods of control that were in vogue when the tutor learned 
what he was teaching. Mr. Burns mentioned that production 
engineers who were moved from, shall we say, the ordinary 
engineering trades to confectionery, and such like, were improving 
those trades to which they were moved. That is a case of a trained 
executive who has the fundamental training moving to another 
industry and is able to transfer that knowledge to the other in- 
dustry. 

Mr. GaRvIE: Mr. Corbett raises the question of the training 
given in universities. He makes out that the training given there 
relates to something that is ancient. That is not quite correct, 
though it may give that impression due to the fact that a university 
provides training in principles only and principles remain for all 
time. This applies to the training of a production engineer. There 
are certain principles associated with production engineering and 
these should be taught. A university is not intended to teach 
specific methods which are in practice at the moment. If one 
understands the underlying principles then their application to the 
daily problems is fairly easy. These underlying principles can be 
taught in universities, in part-time day classes or in night classes. 
Any of these methods can be used. As a matter of fact, all these 
methods are in use in Manchester in connection with training in 
industrial administration. 

I thoroughly agree with Mr. Corbett’s point that a man trained 
in these fundamentals and principles can be transferred from one 
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industry to another. If he has a grasp of the principles, he can 
apply them to any type of industry. 

Mr. Peet: Would you not consider it an advantage for works 
sufficiently large enough, to give their own tuition to their people ? 

Mr. GaRvIE: That would be a very excellent method up to a 
point, but one must realise that there are very few firms who could 
do this. But even so, I do not know that it is wise to confine the 
information to what exists in one’s own factory, because that 
debars any new idea from coming into the factory. It simply says 
to the men who are getting the training ; these are the ideas and 
you must stick to them. Surely it is better to get the benefit of 
other people’s ideas and not simply stick to what exists in one’s 
own factory. The suggestion of limiting the training to the methods 
and ideas of one factory would probably be satisfactory for a limited 
period, but it is difficult to visualise a factory making much 
progress if this were continued for a period of twenty or thirty 
years. 

Dr. Muir : I am not going to criticise. I could criticise the educa- 
tional systems of day schools and elementary schools and the 
university just as well as any of you have done. I have a great deal 
of criticisms I could put up against them. One of the difficulties that 
would arise in putting into practice the course which I presume is 
set out in this appendix, which I haven’t seen, is time. We run a 
three years’ course as it is and we find it very difficult to work in all 
that we want to work in, so that that question of time is very 
important. I agree with the speaker it would very useful if a 
special course or a special degree were established for this subject. 
That is of course a question for the engineers and these people 
interested to get the university to move in. When the demand 
shows itself sufficiently then the universities will probably take 
steps to meet it. 

I could criticise the Institution of Production Engineers, because 
I have been lecturing for a good many years on engineering economics 
and none of you ever come to my classes. If I took up the sort of dog 
in the manger attitude, I could say ‘“ Well there is a class, but 
you don’t make use of it.” However, I don’t want to take up that 
attitude at all, because that is not the way to do a thing. 

With regard to the question of the leaving certificate, the certi- 
ficate gives a sort of standard of intelligence, which I think the 
speaker would require for a person to have in order to make a 
successful executive. There are plenty of boys who do not really 
get the length of the leaving certificate but who still have the 
necessary intelligence to take the certificate if they got the chance 
to do it, and those boys will come to the top in spite of that, if they 
get into the factory and show themselves adaptable to the trade, or 
whatever it is they take up. The getting of the certificate is not 
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necessarily the thing that means most—that is if the qualities and 
intelligence quotient are there. We reckon that a pupil of an 
intelligence quotient of 120 is capable of taking the leaving certi- 
ficate. It is possible to determine a pupil’s intelligence quotient 
when they are nine or ten years old, and the intelligence quotient 
does not vary very much over the period between the years. I 
mean, actual training in the school does not develop intelligence, it 
only instils a certain degree of knowledge. The capacity of a person 
to meet a situation and deal with it in the appropriate way 
is intelligence. That can be found in very young people and it 
develops as the years go on, but so far as the actual development of 
intelligence is concerned, the psychologists declare that intelligence 
reaches its maximum point at sixteen years of age. What is collected 
after that is not intelligence, it is knowledge. Unless the intelli- 
gence has been developed in these early years the capacity for 
collecting the knowledge is not there, and no matter what training 
people get after that, they will never be able to make successful 
executives for carrying on the industry. It is a very difficult 
problem. 

I agree with the speaker in most of the points of view he has 
taken up, and I would like to point out that the university lecturers, 
while they require to do a lot of the same work year in and year 
out, do try do get in touch with what is happening in industry. I 
have myself spent the best part of three weeks of my holidays going 
in and out of works, where they were very kind in allowing me all 
facilities in going about the factories and studying their organisation 
and systems of costing. I got a sort of free run of the factories and I 
spent practically three weeks of my holidays trying to get into touch 
with the sort of things I wanted to learn in connection with engineer- 
ing economics. There are certain fundamentals—the industrial 
history was mentioned—which are necessary before you can build 
up any real knowledge of industrial management and organisation, 
and so on, and then of course the subject of charts and graphs and 
all that sort of thing will be more or less fundamental too. If you 
can instil the fundamentals into a person it is very easy for him to 
apply any new knowledge or any new requirements when the time 
comes. 

Mr. GaARvIE: I am very indebted to Dr. Muir for coming along 
to-night and giving me such valuable support. With regard to the 
difficulty of finding time to include the suggested courses within the 
existing university course, I agree that this is not possible. The 
subject, however, it too important and too big to be dealt with as 
part of the existing course. It would have to be, as Dr. Muir has 
suggested, a separate Degree Course in which case the difficulty 
of time would not arise. With regard to the leaving certificate, I 
thoroughly agree with Dr. Muir. It is only accepted as a measure 
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of the standard of education that has been reached. As stated in the 
paper, there is no better method known. 


I did not refer to the various psychological methods of measuring 
intelligence, because there are many engineers who are opposed to 
such ideas. I have had some experiences with the Binet-Simon 
intelligence tests in selecting apprentices and I am convinced that 
such tests do provide definite guidance. Subsequent workshop 
reports confirmed the accuracy of these tests. 

Mr. Peet: Further to Mr. Carvie’s quotient, I think it is a good 

idea. We used a similar method in my last shop for apprentices 
who were being trained and we classified them as A.1, A, B, and B.1, 
etc., and if they dropped down the scale they were gradually dropped, 
and that brought the best boys to the top all the way through, and 
if those who were good at the beginning, were deteriorating, 
it was clearly shown on the foreman’s report. 
_ Mr. Consett: From what Dr. Muir said it might be taken that 
I was rather against universities. I did not mean it that way. 
What I wanted to say was that I did not think it was a good idea 
for universities to take over and give executives the specific training 
to run a business. The fundamental way, yes, and all the necessary 
ground work, yes, but not specialising. 

Mr. Garvie: I think that was quite clearly understood. At 
the end of a course of training the attitude of the university towards 
a stundent is—We have taught you the fundamentals, away now 
and learn your business. 

Dr. Murr: I think that attitude of the university is wrong, if 
it means that they send out people who are experienced in every- 
thing. The correct attitude is simply that we have trained you 
up in certain ways and laid down certain fundamental rules and 
now you are fit to go and learn your business, and I think that the 
person who has had a university training will be able to pick up 
the necessary business terms and make a success of it. I agree 
with Mr. Peet’s point that it takes a long while and very often you 
get people who have a “ set,’’ which is very difficult to get over. 
You get young people and train them, without a “ set’ that they 
have taken in the university they are very much easier moulded. 
Some people come from the university with swelled heads and feel 
that they are “It ’’ and cannot bear to be told anything by some- 
one who hasn’t been through a university. But that is true in 
every profession, and I think it is something wrong with the individ- 
ual, not necessarily the university. 

Mr. Corsetr: That point that Dr. Muir has just raised is one 
I had at the back of may mind. So many of the university students 
nowadays seem to think that they know the business when they 
come into it, and they only have the fundamentals, and that is 
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really what I had at the back of my mind when I was bringing this 
question forward. 


Dr. Murr: One of the difficulties that industry is up against 
is that there are still a great number of the old type of foremen 
in charge of the apprentices. They do not get a fair deal, because the 
foremen are not fit to be foremen, and unless the generation of the 
old foremen die out there is going to be a break. There is no doubt 
there is a good deal to justify it and that certainly is a point which 
is rather important. So long as you have got the old-fashioned 
foremen who do not ‘give the younger people a fair deal and who 
have a sort of tendency to drive people instead of lead them, that 
difficulty will still remain for a good while. 

Mr. GaRviE: I think Mr. Muir is right. He has raised a very 
big question, namely, the training of apprentices. The majority of 
apprentices in this country are not trained at all. They get the 
opportunity to gain experience but so far as training is concerned, 
they get nil. You cannot train an apprentice in fundamentals by 
allowing him to work a machine with no more guidance than an 
occasional visit from the foreman. Progressive firms are giving 
their apprentices class tuition for two to three hours each week. 
This type of apprentice training will produce a better grade of 
foreman in the future. 

Mr. Ewart: This is a paper of the training on the higher execu- 
tive. Now, we have not heard very much on how to train that 
higher executive, have we ? We are talking about these apprentices 
and students and so on, but after all the higher executive has passed 
through all that stage and we want to train him to have initiative and 
to take the place of someone else. 


There was a young fellow in my works. I had been looking for 
an understudy for myself for quite a long time, and I thought this 
young fellow quite suitable. I took him in hand for about six 
months. All problems that came along we studied carefully and 
he went into them with me, but he was simply following my methods. 
I wanted him to use his own initiative. Quite a different problem 
came in one day, so I said to him to take it in hand himself and let 
me see what he could do. He took it in hand and gave me a good 
report, but it wasn’t quite right. Of course, I told him I didn’t think 
it would be, and then I had him put it before me and showed him 
where he had gone wrong, and how I thought I would have done it, 
but I just wanted to know what he would do. I had another prob- 
lem just in front of me and I told him to put it through the shop 
himself and not to refer to me, to do it his own way, and if it was 
wrong, then there would be a row about it, but if he did his best 
and could justify what he had had done, there wouldn’t be a row. 
Well, he put it through quite well in the long run, and that boy 
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turned out to be an excellent excecutive, simply by having the 
responsibility thrown on to him. I say, throw responsibility on to 
him ; he may make mistakes ; that boy made several mistakes in 
the beginning by the loss of material and so on. I think it is a ques- 
tion that the higher executive has got to be trained by making him 
fini out his mistakes. Give him the chance to make these mistakes 
and, by these, get him to use his own initiative. 

Mr. GaRviE: I am glad to hear that you have been putting in 
practice exactly what is recommended in Appendix I. You have 
taken this young man and asked him to carry out a particular 
investigation, giving him full responsibility. After finding out what 
he has done you discussed the problem with him and inst lled 
into him the right ideas. That is excellent training and it is exactly 
the method I intended to convey. The other way. of a man keeping 
an assistant but doing all the work himself is useless. 


A vote of thanks to Mr. Garvie was adopted. 
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INDUSTRIAL LIGHTING 


Paper presented to the Institution, Edinburgh, Eastern 
Counties, and Western Sections, by H, C. Weston. 


by describing typical and special installations and discussing 

their relative merits because I think as production engineers 
you will be more interested in knowing to what extent lighting can 
assist production and the most satisfactory ways to provide ade- 
quate lighting. 

Provisions for applying daylight in sufficient quantities have 
their limitations. They are useless for night work, and daylight in 
sufficient quantities for use on any work can in many cases only be 
secured at prohibitive cost. For instance, it would necessitate 
buildings being sufficiently far removed from other buildings which 
might curtail the supply of light, and the cost of this might exceed 
that of providing adequate artificial light all day. The use of day- 
light necessitates the use of windows as high as possible so that the 
centre of the rooms will receive the maximum amount of light. 
Roof lights should be used as much as possible and of course regular 
cleansing of all lights is essential. The daylight factor in any por- 
tion of a room can readily be measured and the average daylight 
factor in many factories is extremely low, even in roof-lighted rooms, 
3% being a common value. This means that with an outside day- 
light value of 500-foot candles the interior illumination is reduced 
to 15 foot-candles. The foot-candle is the unit of illumination 
used in this country, and is the illumination given by a standard 
candle at one foot distance. The illumination varies as the square 
of the distance, so at two feet the illumination is only one quarter. 
It is unusual to get more than one quarter even close to a window, and 
3% gives the average illumination over the whole room. The average 
daylight available in this country is 30 to to 50 foot-candles. Fre- 
quent and large variations allow it to fall as low as two foot-candles. 
For this reason close co-operation between the architect and illumin- 
ating engineer is very desirable. Above a certain figure illumination 
has no effect on visual capacity, but what effects this is the appear- 
ance and nature of the object, its size and colour, and again below 
this limit another figure can be found. This lower value is the lowest 
illumination adequate for a piece of work, and given a knowledge 
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of the relationship between these values and by making an allowance 
for the physical characteristics of the work it is possible to specify 
the proper degree of illumination for any industrial task on a scien- 
tific basis. If this knowledge is not available and utilised you 
often get inadequate illumination which means that eyes are brought 
close to the work and peer into it which very often defeats its 
object, and in any case this causes unnecessary straining of the 
muscles of the eye which produces discomfort and fatigue and 
causes the worker to slow down. In its psychological effect good 
lighting stimulates alertness. 

Recent investigations into the effect of lighting on industrial 
efficiency show that for rough work the degree of illumination 
necessary to secure maximum output is greater than that required 
for adequate visibility. This illumination appears to be 3-4 
foot-candles, and this is probably the lowest consistent with 
industrial efficiency. While this illumination might be adequate 
for the majority of rough work it is only sufficient to enable the eye 
to achieve half the effect for fine work. Investigation into actual 
factory conditions shows that compositors require 30 foot-candles, 
weavers up to 40 foot-candles, and in one case 100 foot-candles 
were used. As much as 90 foot-candles are used for the assembling 
of electrodes of valves. Experience shows that accuracy and speed 
on very fine detail work does not reach its maximum below 500 foot- 
candles. With daylight this illumination may possibly be reached 
in bright days in the summer but it can readily be obtained by 
artificial light. As high an illumination as this is usually required 
ouly for such things as surgical details, but it is also used for a few 
industrial tasks. The speed of most industrial operations, however, 
is limited by the manual skill of the operator, and usually this 
speed can be secured by a lower illumination, and it is doubtful 
if it is ever worth while to provide more than 150 foot-candles for 
industrial use. Beyond this value improvement is very slow. In 
any case where the illumination required is more than 30-40 foot- 
candles it is best obtained by supplementary local lighting units. In 

ing for a local increase of illumination it is essential that 
this increase should be sufficient. If the illumination has been raised 
from 4-6 foot-candles and it is desired to get another similar 
increase, this should not be from 6-8 foot-candles but from 
6-9, and a further similar increase would be to 13} foot-candles. 
If therefore it is found that an illumination of 20 foot-candles is 
insufficient it is useless to raise this by 3 or 4 foot-candles, 
it must be increased by about 30 foot-candles. 

Taking into account the best practice and the results of various 
practical tests the Illuminating Engineers Society has prepared a 
code for all classes of work. These recommendations are referred to 
under the classes of work. 
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The first is precision work to a high degree of accuracy and 
tasks requiring rapid discrimination. These require more than 
50 foot-candles. Work requiring severe and prolonged visual strain 
such as fine engraving, sewing on dark goods, etc., require 25-50 foot- 
candles. Prolonged critical tasks such as proof reading, typesetting, 
drawing fine machine work etc., 15-25 foot-candles. Work such as 
detailed office work, reading, skilled bench work, sewing on light 
goods, etc., 8-15 foot-candles. Less exacting visual tasks, 5-10 foot- 
candles Work requiring little visual strain, 3-5 foot-candles. And 
for casual observation where no specific work is performed, 2-4 
foot-candles. 

The best type of lighting for providing the necessary degree of 
illumination also depends on the nature of the work. For some pur- 
poses such as inspecting polished surfaces and drawing office work, 

good diffusions, and not shafts of light, is necessary, and indirect 
lighting or the use of a diffusing unit for ordinary direct lighting 
is best. Various standard types are designed to give light diffusion 
which are suitable for all usual factory requirements, but lighting 
problems sometimes arise which can only be satisfactorily solved 
by the use of special fittings. In the majority of cases the most 
satisfactory system is one of general overhead lighting supplemented 
by local lighting. 

When adequate illumination cannot be received from a general 
source, the local system has obvious advantages in addition to the 
saving in cost over the installation of an increased system of general 
illumination. The layout of plant can also often be altered to give 
uniform distribution of the light available. The general system 
only in some cases may be less effective in securing visibility every- 
where than a system by which the general and local systems are 
properly arranged. Even daylight does not always provide satis- 
factory lighting throughout a shop. The construction of machines 
sometimes prevents this, and in some cases where the general 
illumination by daylight is good it is sometimes necessary to supple- 
ment it. 

In a number of industrial processes where colours have to be 
blended or matched artificial daylight is sometimes necessary. This 
has been criticised. The coldness of this light has been the objection 
where artificial daylight is concerned, but there is no conclusive 
evidence as to this. 

The chief faults with factory lighting are not now due so much 
to the use of bare lights as to the use of unsuitably designed reflec- 
tors and to insufficient mounting height. Powerful lights should 
be mounted high in suitable fittings, and should be so designed 
that the filaments are mounted over 20° above the horizontal line. 
If they are too low glare is produced which causes discomfort and 
inability to see. High efficiency lighting is not accompanied by 
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glare if the lighting is correctly planned. In cases where glare occurs 
from highly polished material due to spherical refraction of the 
light, the use of suitable diffusing units or the interposition of 
a diffusing screen is often effective. Highly efficient electric lamps 
with shallow reflectors never designed for the purpose for which 
they are used are in the first place of doubtful economy and in the 
long run very expensive. In considering the modification of existing 
installations or organizing new installations it does not follow that 
the cost of lighting will be increased in the same ratio as the illumina- 
tion will be increased. Many existing installations are not well plan- 
ned. The wrong type fittings and illuminants are used with the 
result that the current consumption is too high for the effective 
illumination. By the proper location of light sources and the use 
of suitable lamps and fittings it is sometimes possible to double 
the illumination without increasing the cost more than 50%. In 
any case the cost of lighting is small compared with that of skilled 
labour. 

In certain cases the use of electric discharge lamps is necessary. 
A great increase in illumination for the same current consumption 
can be obtained by the use of a fluorescent coating on the lamps 
which converts the invisible ultra-violet rays into light rays. This 
also makes the colour of the light more agreeable. 

If lamps are allowed to become dirty their efficiency is greatly 
decreased. It is easily possible to lose 10° of the illumination if 
the cleaning of the lamps is neglected for a few weeks. Cases have 
been known where as much as 40%, has been lost by failure to keep 
lamps and reflectors in a reasonable condition. Regular cleaning of 
windows is also necessary to secure the maximum daylight. 

The illumination available can be easily measured by means of a 
photo-electro-photometer which is not expensive and quite easy 
to use, and a systematic survey of the light by means of one of these 
instruments will indicate when replacements are desirable. 


LIST OF LANTERN SLIDES SHOWN. 


Increase in visibility due to brightness of test object. 

Showing how visual performance varies at illumination of 40 foot-candles 
or between 30-50 foot candles. 

Relative effect of increasing size of the object and the illumination 30-50 
foot candles. 

Result of investigation into efficiency of tile pressers by increasing illu- 
mination, from 1 to 15 foot-candles. 

Relative effect of size on illumination, 4 foot candles. 

Investigation in efficiency of compositors. 

Investigation into cotton weaving, artificial and daylight. 

Showing increases in production with certain increases in illumination. 

Results of various tests at N.P.L. on which previous curves were based. 

Manufacture of thermocouples. 

Illustration of foundry with electric discharge lamps. 
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Installation of artificial daylight in colour printing shop. 

Special installation of diffusing units for final inspection of motor bodies. 

Illustration of the application of lighting a spray painting booth from 
outside by means of lights through windows. 

The wrong way to use local lighting. 

Illustration of small low voltage type of local lighting. 

Similar lighting on a band saw. 

Engineering shop lighted by means of bare lamps. 

The same shop but with general lighting. 

Investigation into glare. 

Curve showing effects of unsuitable artificial light on output. 

Economic relation between illumination and output. 

Figures showing difference in illumination obtained after cleaning re- 
flectors and lamps in various factories. 


& 
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Discussion—Western Section. 


Lorp SeEmMpPIty (President of the Institution): I would like to 
take this opportunity, first of all, of thanking your section president 
and all present for the kindly way in which you welcomed the 
general secretary and myself. I can assure you it requires no great 
persuasion for us to wend our way to the West. I congratulate 
you on being successful in persuading a member of the Council 
of the Society connected with this very important question of 
lighting to come here and give you this very interesting paper. 
It is worthy of a good discussion because people often do not 
realise how very important this question of lighting is. 

I did not quite understand from the explanations the lecturer 
gave with regard to the different forms of artificial lighting, which 
he considered would be best from the technical point of view. 
He referred to different forms but I could not understand which 
form he particularly recommended from the point of view of 
economy and efficiency. He said that in electric discharge lamps 
it is possible to convert the invisible ultra violet rays into visible 
light rays, but whether this is desirable [ think is open to doubt. 
[ should like to know if he would press the desirability of cutting 
these rays out, as in many cases [ think it might be advisable to 
leave them in. 

With regard to the method of lighting and the type of reflector 
to be used, what, in his experience, is the best type for average 
factory use ? Also which will give the best result from the efficiency 
point of view ? He has shown very clearly that if the fitting which 
reflects light is dirty, the lighting efficiency falls greatly, and he 
referred to windows which admit daylight being kept adequately 
clean, but he did not tell us which direction it would be most 
desirable to have windows facing, whether to catch northern or 
other light. 

From the point of view of the Institute of Production Engineers 
there can be no question but that this whole subject of artificial 
lighting is of extreme importance, particularly in view of the 
present need to speed up production in order to bring the country’s 
defences on to a proper basis. This means that every unit of produc- 
tion will have to function efficiently. We all know what a great 
deficiency there is in skilled men and also that there is a shortage 
in machines. Therefore it is clearly vital that every unit should 
be able to produce in the most effective way. Not enough attention 
has been given until comparatively recently to the various factors 
of production. The human machine is one of the most delicate 
machines and the effect of lighting, on the general efficiency of the 
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worker is one to which the department to which the lecturer 
belongs have given their attention. 

Mr. Weston: With regard to the system of lighting which I 
suggested as being the most suitable, I mean a system of general 
lighting with the units properly spaced ‘and mounted at a sufficient 
height to give a fairly uniform illumination over the whole room and, 
in addition to that, there should always be provision made for local 
lighting where very fine work has to be done. The illumination 
here on an average is about 5 foot-candles, and that is sufficient for 
a good number of ordinary factory jobs, but there may be some 
types of work in a shop, which is as well lighted as this, which 
require higher illumination, so there should be provision for local 
lighting in addition to the general lighting. The intensity of 
illumination obtained from the general lighting must always be a 
reasonable proportion of the total illumination. If some very 
fine work has to be done this may require 50 foot-candles, and it 
would not be sufficient to provide 2 or 3 foot-candles of general light- 
ing because then the contrast would be too great. The general illu- 
mination ought to be at least 5 foot-candles so that the contrast 
is not more than 10 to 1. 


LorD SEMPILL : I was referring to which particular type of light 
was most desirable from the technical aspect. 

Mr. Weston: It is very difficult to advocate one particular 
form of lighting as much better than another for most purposes. 
Actually, most of the experiments which have been done to try to 
determine the effect of different systems of lighting have given 
inconclusive results, and it would appear that the particular 
system does not matter so much as the intensity of illumination 
obtained, except in special cases. The system employed in this 
room is a typical system of overhead lighting, although not typical 
of factory lighting as the reflectors employed there are usually of 
enamelled steel though glass-steel fitting is better, as it throws 
light on the ceiling, and I don’t think the ceiling should be left 
absolutely black. 

Lorp Sempiti: With regard to the question of eye fatigue, 
you referred to the artificial daylight form of light. Is that more 
beneficial from the eye fatigue standpoint ? 


Mr. Weston : I am afraid there is not any aetinite evidence on 
that point yet. Attempts have been made to see whether there 
is any effect on performance due to the use of artificial daylight 
but they have been very inconclusive. In spite of that, a large 
number of people definitely asssert they experience less eye fatigue 
with this light, and the only scientific reason for this that I have 
seen advanced is that, owing to the optical properties of the eye, 
blue light can be more easily focussed, and it has been suggested 
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that in this way the strain fo a%eorhmodation is reduced, but I am 
afraid there is no conclusive evidence in support of this. 

With regard to the placing otf windows I don’t know that I can 
give any very definite answer to that. I think, if it can be obtained, 
north light is t e best, because it is more constant, but the illu- 
mination will not be quite so great because the benefit of direct 
illumination from the sun is lost. This is of little consequence 
however, and sunlight is very variable. Of course, there is sometimes 
no choice in placing windows as the architect has decided this 
matter. I think it would be very much better if he consulted an 
illuminating engineer before doing so, because windows even in 
some modern factories are not so much wrongly placed as planned 
too small and not carried right up to the ceiling, probably because 
the architect wants to get a certain kind of elevation. 

Lorp SrempiLL: With regard to the question of illumination, 
in your opinion is this country leading as regards say, America, 
Germany, Holland, and other intensive production countries ? 

Mr. WESTON : Jell, I think we are behind the Americans. 
There are, I believe some very bad examples in America, but there 
are some very had ones in this country, but on the whole American 
intensities are considerably better than our own. It is very difficult 
to get any reliable data of the present intnensities in factories in 
this country—-the only extensive data available was obtained by the 
Home Office twenty years ago and their investigations show that 
illumination in factories in this country was then very low. No 
dou»t it has inproved very considerably in the Jast twenty 
years, but there is still a large number of factories where illumination 
is very much below what it should be. 

With regard to the conversion of ultra violet radiation, there is 
a certain amount of ultra violet in ordinary electric lamps as well 
as in the electric discharge lamp, but this is not transmitted by the 
ordinary glass bulb, so we do not derive any benefit from it, and so 
by converting it into useful light the efficiency of the lamp is 
increased. That is, we make use of what is at present wasted radia- 
tion. If it were transmitted it might be desirable to leave it, bi:t as 
it is not transmitted it is hetter to convert it. 

Mr. F. L. Dantes (Section President, who presided): Lord 
Sempill raised a very interesting point in regard to natural daylight. 
My own small experience is that north light is best. If you do get 
a good summer, south or west lights are apt to be uncomfortable. 
you find that the men want the lights white-washed over, so that 
direct sunlight is undesirable. That is why saw-tooth roofs are so 
useful. I do agree with regard to cleaning. When you really clean 
windows it is amazing the difference that is made, particularly 
in the winter. Lord Sempill touched on another point, whether 
any forms of lighting are really injurious to health. I had in mind 
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putting something in the way of mercury lamps in the foundry. 
We wanted the best light. Are any types of light really better from 
the health point of view or not ? What would be the best form of 
lighting for a fairly biz machine shop, 55 ft. span, 55 ft. high, direct 
light from the roof, or side lighting reflected from the walls ? 

Mr. Weston: As far as the question of injury is concerned, I 
have not come across any case of injury due to the type of lamp 
used. It is possible, of course, but not, I think, in the factory. 
Film stars, [ believe, suffer from conjunctivitis due to the high 
intensities used in the film studios, but this is very unlikely to 
happen in the factory. The types of lamps suitable for factory use 
do not pass ultra-violet rays, although mercury lamps would if 
they are enclosed in quartz, as would open arcs. With regard to the 
machine shop, I think a great deal depends on the layout ; there 
may be a difficulty in lighting from the top owing to the arrange- 
ment of the machinery and the structure of the building itself, but 
I should prefer that method if it is convenient, because you cannot 
rely on a great deal of reflection from the walls and the surface is 
usually not continuous, so that unless there are worse difficulties 
in the way of lighting from the top I think that system would be 
preferable. 

Mr. R. H. Coxuii: Have you ever run across the stroboscopic 
defect in gas discharge lamps, and is any attempt being made to 
minimise this ? 

Mr. Weston : I have not myself seen an installation where this 
difficulty has arisen. I think it arises chiefly where high speed 
machinery is used. It can be minimised by putting adjacent 
lamps on a different phase. Apart from that I don’t know how it 
can be overcome. Of course a great deal of research is going on now 
and I expect the difficulty will be overcome eventually, but 
as far as the lamps at present on the market are concerned I think 
putting adjacent lamps on a different phase is the only way. 

Mr. Coxuitt : I believe there is a discharge lamp on the market 
which includes a tungsten filament. What is your opinion in regard 
to that ? 

Mr. Weston: [ have seen this in use. It has this advantage, 
you get a light immediately you switch on, whereas you have to wait 
some time in the case of the ordinary electric discharge lamp before 
it becomes luminous. The main advantage is that it dispenses with 
the need for a choke and conderser, but when the lamps are switched 
out the time lag still occurs with the dual lamp, because the lamp 
has to cool before the filament will come into action on switching 
on again. The colour of these lamps is more agreeable than the 
ordinary. 

Mr. H. R. Brasant: I have spent a great deal of my life in 
designing lighting installations. Might I just put in one point with 
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regard to stroboscopic effect. I have been carrying out some experi- 
ments with mercury discharge lamps and the stroboscopic effect 
is one which has to be watched very carefully. You all know the 
mercury light actually extinguishes twice in every alternating 
cycle. This of course happens too quickly actually to effect the eye, 
but if you should happen to have any rotating machinery with the 
speed of any part corresponding to the frequency, you can get the 
effect of the machinery standing still or even appearing to move 
backwards, and if anyone wanted to do something to a part of a 
machine and thought it was standing still when it was running there 
might be trouble. 

I have just done some erecting shops and we have got over the 
difficulty fairly well by using gas filled and mercury lamps alter- 
nately, so that the stroboscopic effect is almost carried by the other 
lamps. There is one difficulty, that is time lag. If you get a temporary 
switch off due to someone knocking a switch you getatimelag. If you 
have some ordinary lamps they light immediately. From the point 
of view of stroboscopic effect I would not use mercury lamps only. 
The dual lamp is even worse. Whereas it lights up at once on switching 
on from cold, on switching off and on the time lag is even greater 
than the ordinary type because of the thermo tube. If you only 
had this type of lamp you might be in darkness for twenty minutes. 

I was rather interested in the figures given in the lecture because 
in regard to candle powers I am sure you will be pleased to know 
I agree that three to four foot-candles is the absolute minimum. 

One of the greatest difficulties I have had is to persuade shop 
foremen to judge the lighting by looking at the work and not at the 
lamps. The tendency seems to be, if a man has not been trained, 
he immediately looks at the lamps and if he cannot see anything 
afterwards he says “ jolly good.”’ He should be persuaded to look 
at the work, or, better still, at the figures for production after the 
lighting has been installed, and not at the light bill. With regard 
to fitting a flourescent screen to electric discharge lamps the lec- 
turer said that part from the other conditions the colour of the 
light is more pleasing. I certainly think that with this light men 
do not look as if they had been dead quite so long. 

Mr. R. Hazteton: Is it worth while to take into account 
variations in individual eyesight on the part of operators? If 
you have two groups of workers on fine work and it was found by 
experiment that the eyesight of one group was 10% better than 
the other, would the second group require 10%, better illumination 
than the other? Perhaps it is not worth while bothering about 
individual differences in eyesight. With regard to painting of 
walls or machinery, has the lecturer had any experience of improve- 
ments in efficiency being brought about by the use of light coloured 
walls or light coloured machines ? 
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Mr. Weston: Eyesight is an important factor. It has been 
found in America that people with sub-normal vision require a 
suitably higher illumination for the same kind of work. It might be 
interesting to you to know that as far as present indications go a very 
large percentage of people working in factories have some defect of 
vision—not a serious one—but quite a large proportion of people 
some defect which could be corrected and we are endeavouring to 
discover what effect these uncorrected defects have on industrial 
efficiency. 

With regard to coloured walls and machines, I think that is an 
excellent plan. Of course, in a large machine shop you won’t get 
a great deal of light reflected from the walls even if they are light, 
but there is no reason why you should not make what surfaces you 
have as light as possible. That also applies to machines. In small 
rooms quite a big proportion of the total illumination is reflected 
light and the difference which a dark wall will make is almost 
staggering. In the Home Office Industrial Museum you can see an 
exhibit in which you can vary the colour of the walls from dark to 
light and observe the enormous difference in the light reflected on 
to the work exhibited. 

Mr. Stone: I understand from the list the lecturer gave us of 
candle powers that for long critical work and for a drawing office the 
illumination should be 15-25 foot-candles. He also gave the light 
in this room as approximately 5 foot-candles. The illumination struck 
me as very high for a drawing office, as glare from the paper and 
tracings is most undesirable. 

Mr. Weston : I am inclined to agree that the value of illumination 
given for a drawing office might be high if it were obtained by 
means of a system as in this room. I think indirect lighting of some 
kind should be used in a drawing office and the glare should then be 
very much less. Tracings, of course. are apt to be very difficult. 
That is largely a question of locating the work so that the reflection 
of the light source is not thrown directly into the eye. 

Mr. Stone: My question was based on experience in a drawing 
office in which ordinary direct lighting was used. I was considering 
both direct lighting and a light set at varying angles. I also had in 
view a light set on top of the board throwing a stream across the 
drawing. 

Mr. Weston : I think that should be helpful. If you could get 
good general lighting that should be as satisfactory as daylight. 
Care must be taken where the work is liable to reflect light as glare. 
There must be proper diffusion and you must not have small bright 
sources of light which could cause a concentrated beam to be re- 
flected into the eye. 

Mr. Kenwortuy: The lecturer referred to diffusing screens 
being used. He mentioned 50 foot-candles as being wanted for 
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working to very fine accuracy. I should assume that work of that 
description would be grinding to very close limits, but in that 
particular operation the work is of a very highly polished character. 
With direct lighting of 50-foot candles the local reflection from the 
work would be very trying. Is there any method in general of 
using diffusing screens and still obtaining 50foot-candlesatthe work ? 
The lecturer during the whole of his lecture has spoken in the main 
about general lighting. The last speaker emphasised this point. Is 
there any scheme using diffused light on a large scale? Is that any 
better than general lighting from the point of view of operating the 
shops? Can it be obtained at the same cost as general lighting ? 
The lecturer showed one slide which showed a spraying booth 
illuminated from outside. I take it that was because of the danger 
from the lamps. Can the lecturer say what efficiency was obtained 
inside the booth from external lighting ? Is a great deal more cur- 
rent necessary to obtain efficiency inside from outside illumination ? 
It struck me that as we obtain daylight from outside, whether that 
method of illumination would not bear quite a lot of investigation. 
I should think that one would be able to get more dispersed light. 
There is one question with regard to the daylight lamp referred to. 
Can the lecturer inform us whether a works illuminated by the 
generally accepted type of daylight lamp would be as effectively 
lit by the same amount of current as if ordinary lights were used ? 

Mr. Weston : To take the last point first, do you mean the same 
illumination by using the same wattage? The efficiency of the 
daylight lamp is only about 40%, but it is suggested by some people 
that owing to the colour of the light you can do with less illumination. 
Can you see as well with say a 100 watt daylight lamp as a 100 watt 
gas-filled lamp? Well, I don’t think you will, because you get less 
than half the illumination. It may be true that we can see better 
with the bluer light of the daylight lamp than with the rather more 
red light of the ordinary gas-filled lamp, but there is no definite 
evidence to that effect, and in the absence of that my own opinion 
is that you cannot do with less illumination if you use the daylight 
bulb than if you use the ordinary type and in any case the current 
consumption will be at least double. 

The point you raise with regard to the advantage of windows as 
light sources is very interesting and I think that the tendency in the 
future will be to design industrial fittings of large area because 
when you are getting high intensities it is certairily more comfortable 
to have large sources of relatively low brightness. That would 
apply to your case grinding. If you got your 50 foot-candles from 
such a source as that I don’t think there would be any difficulty on 
account of glare. 

With regard to the use of diffusing screens of which I mentioned 
cases, these have been improvised in a number of factories. In 
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cases of difficulty in inspecting polished surfaces some kind of screen 
has been arranged in front of the light source, sometimes by putting 
the light in a trough with a screen of ground glass, or even tracing 
cloth across the front. A similar arrangement has been used for 
inspecting polished steel balls. This would decrease the illumina- 
tion but this can be avoided by using large lamps. You need high 
illumination without bright spots. You must get very well diffused 
illumination to get the greatest visibility in cases of this kind. 

Mr. CoxuitL: With reference to the fluorescent screens for gas 
discharge lamps. What is your opinion of the improvement in colour 
and slight increase in light as against the increased size of the light 
source and the difficulty of focussing ? Do you think the light witn 
the fluorescent screen is going to s::persede the ordinary gas discharge 
lamp ? 

Mr. Weston : I am not sure J can give a very satisfactory answer 
to that because the whole matter is in an experimental state at 
present. There is a small type of electric discharge lamp with a 
fluorescent coating inside the bulb which I understand will be put 
on the market in a very short time, but you were referring to putting 
a glass cover on an existing lamp. Well, I have only seen experi- 
mental lamps and I thought they were rather pleasing to the eye. 
I think it will be advantageous and I can see no difficulty in designing 
suitable reflectors. These lamps may not be suitable at present for 
use with existing fittings, but I think we shall soon see suitable 
fittings designed. 

Mr Dantes: I should like to ask one question about the local 
low voltage lighting. Whether one transformer per machine is used, 
or one transformer supplying the whole shop, and how the cost will 
compare with ordinary lighting ? 

Mr. Weston : I believe the general practice is to use a transformer 
to each machine or at any rate, to each small group of machines. 
With regard to the cost, I am afraid I cannot give you any definite 
figure. 

A cordial vote of thanks to Mr. Weston concluded the proceedings. 
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Discussion, Edinburgh Section. 


Mr. J. L. Bennet (Section President) : I feel that Mr. Weston 
has delivered a very interesting lecture. I am very interested in 
the question of illumination. I was very interested to hear that the 
light value of this room is only a matter of three foot-candles. In 
the mention that Mr. Weston made of weaving on worsted, a 50 
foot-candle figure was talked of. Now, I presume, Mr. Weston, that 
50 foot-candle value is quite enough to use on a purely non-reflec- 
ting surface ? I don’t think you could use it with any reflection at all 
—it would give you nothing but glare. Is that the case ? 

Mr. Weston: It is done quite extensively in the States, but 
that difficulty is experienced. You would certainly have to be 
extremely careful in designing your installation. If work is done with 
highly polished material, probably it would mean using indirect 
lighting ; it has been done. In such a case it may be useless to 
attempt to get that intensity with the usual type of fitting used in 
factories. In fact when dealing with polished metals it is very 
desirable as a rule to use semi-direct lighting, or to make up some 
special type of fitting. It can often be done very cheaply, by putting 
even a piece of tracing cloth over the standard fitting in order to 
diffuse the light. 

Mr. BENNET: How can you get a good foot-candle value 
without glare, unless you are wasting light at the light source ? 
Is that possible ? 

Mr. WEsTon : Yes, that is quite possible. It is largely a question 
of a suitable mounting height, or using an enclosed fitting. The 
industrial diffusing fittings that we saw on the slide at the Austin 
works are very good fittings to use, because in addition to the steel 
reflector, with which you are probably all familiar, the lamp itself 
is also enclosed in a glass globe, large in diameter, and so reducing 
the brightness of the source. If you are using high wattage lamps, 
of course, it is always desirable to mount them well above the line 
of vision, if you can, but I know that can’t always be done, and if 
not, it is very desirable that the lamps should be enclosed in some 
diffusing globe. 

Mr. Apams: In connection with eyestrain in such work as 
examining polished steel—bright steel—what is the best way of 
avoiding that strain? Also, bearing on the same point, would 
you say that daylight is always to be preferred to artificial light ? 
There is often a difficult point when the daylight is not just quite 
enough where you have got to bring in both. What is the best way 
of dealing with that question ¢ 

Mr. WEsToN : With regard to the question of glare, I know it is 
always difficult to avoid glare in examining polished metal articles, but 
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in quite a number of cases the fittings have been improvised. A 
metal trough of some kind is sometimes used, covered with tracing 
cloth, with two or more lamps arranged in it, and with the diffused 
light which you get from a fitting of that kind, there is usually not 
very much difficulty due to glare. I have seen that done when 
examining steel balls for ball bearings, and it is very satisfactory. 
With regard to the question of daylight—whether it is preferred 
to artificial light—I think it is better, and I think as regards arti- 
ficial lighting in factories, we shall have to consider more and more 
the question of trying to imitate daylight, so far as diffusion is 
concerned. There seems to be a very general preference for day- 
light—a most natural one, I think. 

It is very difficult to judge when the artificial light should be 
turned on, because the eye is such a poor judge of illumination. The 
daylight fades gradually, and I am afraid we leave it rather too 
late before the artificial light is turned on. It is, of course, possible 
to judge it automatically, by means of a photo-electric arrangement, 
but apart from that I don’t really see how you can arrive at any 
standard procedure, unless you use one of these handy little instru- 
ments for measuring light. I think, in any case, the artificial light 
should be used as soon as the daylight illumination in the room falls 
at any rate to 3 foot-candles, but I don’t see how you are going 
to judge that without an instrument. 

Mr. Bennet: What is the value, Mr. Weston, of normal day- 
light ? 

Mr. Weston : Out of doors in the summer time you can usually 
get values up to 10,000 foot-candles, but a normal shade value would 
be something like 1,000 foot-candles. For the purpose of arriving at 
what is sometimes called the daylight illumination which constitutes 
the grumble point, it has been agreed internationally to take the 
illumination you get from the sky on a fairly dull day out of doors, 
and that is approximately 500 foot-candles, so that if you have a 
factory with roof lights which will give you probably a daylight 
factor somewhere about 10%, you will be able to get 50 foot-candles 
inside. That is, of course, the value at mid-day ; it falls to very 
little in the afternoon in the winter time. But, of course, many 
factories haven’t got a daylight factor of 10%, nor nothing like it, 
2 or 3% is more often the case. 

This, of course, is very much of a guess, but I am inclined to think 
that in what you would regard as the average well lighted factory— 
well lighted by daylight—people do usually work with something 
like 25 to 30 foot-candles for the greater part of the day, so that these 
values are not really so extraordinary as they may have sounded 
to you at first, and intensities of that order are now considered, 
or are known to be necessary.for maximum performance of some 
types of work. 
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Mr. AtLEN: I noticed that for a foundry or an engineering 
shop, about four or five foot-candles were considered good average 
lighting. But supposing we have our shops badly lit. The first 
thing would be to get one of these instruments and measure what 
the lighting was and after that how would you know, how could 
you calculate the number of lamps, knowing the size of the building, 
to give you the desired light of say four or five-foot candles? Is 
that something for an expert, or can the average individual attempt 
that himself ? 

Mr. Wesron : Well, if you have no special problems to meet, 
the question of raising your illumination from the value which 
you regard as too little to one which you think you ought to have 
would not present any great difficulty. The matter is made very 
simple indeed really by some booklets which are issued by the Elect ‘ic 
Lamp Manufacturers’ Association ; all the necessary calculations 
are given and really all you need to know is the light outpat of the 
lamps and the area you have to light. Putting it in its simplest 
form, that is all you need. 

The unit of light flax is called the lumen, and from an ordinary 
gas filled lamp of medium wattage, say up to about 100 watts size, 
you get approximately 10 lumens per wa‘t light output from tat 
lamp. Well, now, one lumen per square foot would give you an 
illumination of one foot-candle, so that all you need t» know really 
is the total area you have to illuminate, the intensity you want to 
get and the size of lamps you need to use, to get the necessary number 
of lumens. 

As a rule you cannot assume a utilization factor of more than 
5, but you will see that it is not a very difficult mater to design 
an installation yourself, so far at any rate as the choice of lamp 
sizes and the number of lamps are concerned, but you may have 
perhaps a little more difficulty in deciding what is the best type 
of fitting to use. Do not, whatever you do, use the ordinary shallow 
conical reflector. It is pretty cheap, but I think it always pays in 
the long run to pay the extra price charged for the modern types 
of fittings which are really well designed to direct the light where 
you want it, giving you a much betéer utilisation factor. 

But, in any case, if you want an installation designed and you 
are proposing to use electric light, this Association that I mentioned, 
the Electric Lamp Manufacturers’ Association, will always advise 
you, and will even give you a complete plan without putting you 
under any obligation. Taey don’t sell you lamps or fittings, but the 
Companies which support them do, of course. ‘They do not bind you 
to buy, and they have a Lighting Service Bureau. They have one 
in London and I believe one in Glasgow, where they can show you 
all the usual types of fittings suitable for factory lighting and would 
help you in any way they can. 
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The ordinary Inspector of Factories possibly cannot help you a 
great deal in the matter of lighting, but some of the Engineering 
Inspectors of Factories can do so, so that that is the sort of opinion 
which is at your disposal, if you want to take advantage of it. I 
mean, of course, in the case of any particular difficulty. The 
Engineering Inspectors have quite a lot of experience of the way 
in which illumination problems have been overcome in factories, 
so that they can give you the benefit of their advice if you want it. 

Mr. G. F. Cornett: I should be very interested indeed to hear 
what effect the blue electric discharge lamps have on glare as Mr. 
Weston has explained glare. 

Mr. H.C. Weston: Well, the ordinary pearl lamp, which is now 
sold as standard instead of the clear lamp, is certainly very much 
better than the clear lamp, from the point of view of glare, because 
the bulb itself is a source of light and not the filament, so far as 
the eye is concerned, and its brightness is very much lower although 
the light output is practically the same. I think pearl lamps should 
always be used, wherever possible: in fact, the leading manu- 
facturers do not supply the clear lamps now except to special orders 
or for the higher wattages. 

In regard to the electric discharge lamps, they would produce a 
glare if mounted too near the line of vision, but even so, for the same 
wattage lamp they are less glaring than the filament lamp, because 
there again the source of light is a luminous column, not a filament, 
but so far as the effect of colour is concerned, I am afraid I cannot 
give you any information. The colour is not liked by a lot of people, 
because of its coldness, but I don’t think it does any harm to the 
eye. It is not suitable, of course, for use in some factories where. 
colours have to be recognized—I do not mean where colour match- 
ing has to be done—but they are quite unsuitable in some cases. 
There is a lamp, Siemen’s make, in which a filament is combined 
with the electric discharge and gives a more natural light, and 
incidentally avoids the time delay when first switching on. 

Mr. Morrison: Do you still get the time delay after a lamp 
has been alight with the Siemen’s lamp? Ti is usually about ten 
minutes. 

Mr. Weston: Yes, but it is not so long. 

Mr.Peet: Has the lecturer any ideas of what gas has been able 
to do in connection with lighting ? Whether there are any figures 
available such as he gave for electric light, and whether there is, 
in his opinion, a material difference between the electricity and the 
gas, either low pressure or high pressure ? 

Mr. Weston : As far as gas lighting is concerned, I only dealt 
with electric lighting because all the investigations with which I 
have been concerned myself have been made in factories where 
electric light has been installed, but there is no particular benefit 
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from electric lighting from the point of view with which I have 
dealt with the subject. It is entirely a matter of getting an adequate 
intensity and a suitable distribution light. What the medium is, 
I suppose, is of little consequence. The only difficulty is that as 
you raise the power of gas lighting you also raise the amount of 
heat, and that in some cases may be a disadvantage. You have 
that with electric lighting, of course, but not to the same extent. 
If you attempt to get intensities of the order of 50 foot-candles by 
gas lighting, I think you would undoubtedly find the heat would be 
the great difficulty. Probably as far as the colour is concerned, 
gas lighting may be better for some types of work. 

Dr. Murr: I think something might have been said with regard 
to absorption. For example, the absorption of light due to a foundry 
floor being dark and the foundry generally being dark, would have 
a considerable effect on the figures that might be supplied by the 
Electric Manufacturers’ Association. I am thinking more of that 
point in connection with lighting in coal mines. The difficulty in 
coal mines is that all the light is absorbed in the black surfaces and 
the men suffer from miner’s nystagmus as a result of the lighting 
being so very bad. They cannot get the necessary light because 
of the tremendous amount of absorption which takes place. I was 
very interested in an experiment fairly recently, when two different 
lights were used to get the same intensity of illumination in two 
boxes, one of which was painted black and the other white. To 
the amazement of the audience when the lights were pulled out, the 
one was a 100 watt lamp and the other about four watt lamp, and 
you got the same intensities in the two boxes, simply because the 
one was painted white and the other black. So that the question of 
absorption certainly must play a very considerable part in the 
question of lighting. 

Mr. Weston : I am sorry I did not emphasise that more. I did 
mention the fact that the colour of the work affects the illumination 
required, but I should, of course, have pointed out that the colour 
of the walls and ceiling of the room also affects it, because we do 
rely quite a lot on reflection to secure illumination on the work in 
many cases, so that when you are deciding on your lamps you have 
got to remember that. It, of course, does not affect the intensity 
you require for your work, but it does affect your choice of lamp 
sizes and fittings, in order to obtain the intensity, and that of course, 
has to be taken into consideration in foundries, higher wattage 
lamps are used then in a room like this for instance, to obtain the 
same illumination on the floor or in the work bench. That is one 
of the factors which is taken into consideration in the calculations 
which are set out in these booklets that I have shown you. It also 
isn’t realised, of course, in many cases. to what extent the colour 
of the work affects the illumination required. An installation may be 
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put in to give a certain intensity, say 5 foot-candles, sometimes 
without any proper consideration of the type of work which is to 
be done in that room, but it may so happen that the work has been 
taken into consideration, but it changes, and darker work may be 
done at some other time, when 5 foot-candles will probably be found 
to be inadequate. The reflection factor of the work ought really to 
be measured and the illumination based on that. If you are reading 
black print on white paper, you will need something like 3 or 5 foot- 
candles, but if the paper is a dark grey having a reflection factor 
of about .4 instead of .8 for the white paper, then obviously the 
illumination ought to be at least double to see equally well. Actually 
it should be more than double, because the contrast between the 
background and the print itself has been reduced, that is the 
difference of brightness between the print and background, on which 
the eye relies very largely to make the print visible, is less. 

On the motion of the President,a vote of thanks to Mr. Weston 
was adopted. 
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Discussion, Eastern Counties Section. 


Mr. M. Woops : I would like to ask, regarding the chart showing 
the variation between production and lighting, where the tests were 
carried out ? 

Mr. Weston: It was based on actual factory tests. I am not 
absolutely certain, but I think it was in the same factory. 

Mr. Woops: Regarding the slide showing the variation between 
production and lighting from December to March. I do not think 
that could altogether be put down to improved lighting. Surely 
the fact of spring coming with more daylight, and people feeling 
better, would be part of the cause of output going up ? 

Mr. Weston: As a matter of fact, in some cases allowance has 
been made for that seasonal change in personal efficiency, although 
I cannot guarantee it has been done in these particular curves. 

Mr. Woops: Some years back it was popular with drawing 
office lighting to throw the light on the ceiling so as to avoid shadows 
on the drawing board. At present, there is not so much of that 
taking place. Can you give us the benefit of your experience in 
drawing office lighting ? 

Mr. Weston: Indirect lighting has often been considered 
advantageous in drawing office lighting because it obviates shadows, 
but it is possible to get quite good results with semi-indirect lighting, 
and that is a system which I imagine is most commonly used in 
drawing offices. It is certainly more economical. Unless shadows 
are very troublesome I can see no great advantage in putting in 
indirect lighting, and of course utilisation efficiency is considerably 
lower. 

Mr. Leacett: Lighting is a problem which has been with us for 
many years. I can perhaps go back rather longer than many here 
to-night, and I have early recollections of when the tendency 
was to cut down what little light we had. With the passing of time, 
[ am inclined to think the more light we have the more we want. 
Our problem to-day is more one of application. A very difficult prob- 
lem is the application to a foundry. Can Mr. Weston give us any 
light on that particular point ? 

Mr. Weston: The new electric discharge lamps are proving 
very satisfactory for use in foundries. The light is powerful and 
penetrates well into the moulds. Also they give greater light output 
for the same money. Quite a number of foundries have been equip- 
ped with electric discharge lighting, and from reports I have seen 
it is proving quite satisfactory. I know it is a difficult problem 
to light a foundry properly, and one of the difficulties of course is 
the darkness of the surroundings. 
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Mr. DieciE: I was at a foundry some time ago where they had 
put in electric discharge lighting, and was told by the managing 
director that it was a great advantage, but it had this disadvantage, 
if you turned the lights out, you could not turn them on again until 
they got cold. From an illumination point of view it was very good. 

Mr. Weston : I believe there is a time lag of ten minutes from 
the time of switching on, but in some cases now they have overcome 
this by using a form of electric discharge lamp in which there is also 
an ordinary tungsten filament. This is a lamp made by Siemens. 
It has several advantages, the colour of the light is more like dayl ght 
than ordinary electric discharge filaments, and I believe there is no 
delay in getting light after you have switched on. It.is also un- 
necessary to use chokes and condensers. 

In reply to a question by Mr. Carrick, Mr. Weston said the 
amount of light which could be lost owing to dirty walls and ceilings 
was very considerable, but was greater in small rooms than large 
rooms. If the work done was dirty work it was also possible to lose a 
large amount o. light. That raised the question of maintenance. 
It pad to clean lamps and fittings, and if factory executives 
always knew how much light they were paying for and not getting, 
there would be more cleaning done. If you had a dirty tactory 
you must have the walls fairly dark in colour, and in planning 
lighting installations you must allow for that, and increase the 
intensity by asuitable amount. There were tables prepared which gave 
the utilisation factor for different room characteristics. It was a 
simple matter to get correct lighting by using those tables. 

Mr. Grorrrey Woops: Regarding the question of falling off 
of output between the failing hours of daylight and the switching on 
of artificial light, could not tat be avoided by switching on the light 
before the daylight had properly diminished ? Is it possible to have 
an instrument which will automatically control the switching on 
of lights in the shops ? In connection with the question of discharge 
lamps, the lecturer mentioned that these have been successful in 
foundries, I should like to know if within his experience as an expert 
it has been tried out in machine and assembly shops? I presume 
he was referring to blue light, and not sodium discharge lamps. If 
he can give us any guide on the question of using blue lights, I 
should be very interested to have his comments. 

Mr. Weston : With regard to the question of failing daylight, 
it is possible to have an arrangement of switching on light controlled 
by photo-electric cells, as is done by the Post Office in public 
telephone booths, so that when daylight fails, a photo-electric cell 
operates and the light is switched on. I believe that form of control 
has been tried out in a factory, but I cannot give you any particulars 
of it. It is quite possible and quite desirable. With regard to the 
question of contrasts, there is at the present time a series of investi- 
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gation in progress which have for their object the devising of a 
general method of illumination required for any type of work by 
establishing the fundamental realtion between lighting and the 
character of the work. 

We took a standard simple task, and had a number of test sheets 
printed in which there were a considerable number of rings with 
a gap in them something like the letter C. The gap in the ring was 
made to open in different directions, and the test sheets were given 


to a number of observers, and they had to detect the gap in a given’ 


direction in varying degrees of illumination. The gap was filled in 
and then we got the size on the chart. The rings were printed in 
grey on grey paper and in black on grey paper, and so in time we 
got certain definite contrasts and then we could plot a curve. With 
a medium grey or slightly darker back ground in order to get the 
correct performance it is necessary to raise the illumination to about 
double. That is not a general statement. Regarding delayed per- 
ception, one of the most important applications is in the case of a 
moving object. If you raise the illumination, you get a clearer 
image of the parts that are moving. If you have inadequate illumina- 
tion of the moving parts the time required to get a clear view is 
increased, and the only way to overcome that trouble is to increase 
the illumination and then a clear view is available in the short time 
available. 

Mr. WEBSTER: Regarding the tests carried out showing the 
increased efficiency per foot-candle, in what period were they carried 
out, and how do you trace the increased efficiency to the lighting ? 

Mr. Weston: Regarding the production tests, we invariably make 
these investigations over a reasonably long period, preferably not 
less than six months. We carefully select a group of workers so as 
to get the relative rate of production, then the change of light is 
made, care being taken that no other changes are made, and the out- 
put is compared in another six months. The type of work is always 
kept constant and no changes in personnel are made. It is, of 
course, possible that small variations occur. 

Mr. WEBSTER : Would the production rates change if the inspec- 
tor were changed? Good vision is not less important than good 
lighting. 

Mr. Weston : There is a large percentage of people working in 
industry who have defective vision, and a large amount of produc- 
tion is lost through that cause. Investigations are being made in 
a large lamp works so as to avoid and correct defects in sight. 

Regarding the question of illumination of the drawing office I 
should say between 10 and 20 foot-candles should be used., preferably 
the higher value, but 10 foot-candles would probably be a good 
working value. One has to remember that pencil lines on white 
paper are more difficult than, say, Indian ink. I personally would 


202 

















INDUSTRIAL LIGHTING 


use 20 foot-candles, but I do not think much efficiency could be 
lost if 10 ft. candles were provided. 

I do not think there is the slightest danger of injury to the eyes 
by excessive lighting because out of doors daylight may be anything 
up to 10,000 foct-candles. Glare rather than excessive lighting is 
objectionable but does not cause disability. That is one of the 
dangers of giving high valves in factories. I should say definitely 
that glare is most. undesirable and temporarily harmful, but there 
is no harm from excessive lighting if properly diffused. 

Mr. JEwson : I was wondering to what extent the light meter is 
in use. It seems to be a necessary instrument to have. Area they 
expensive ? 

Mr. Weston: They are now made more cheaply than they 
used to be. They are seldom used in factories because the lighting 
is perhaps often left to the contractor. Then there is the man in 
charge of lighting. I often wonder how much he knows about 
illumination. People have not realised that there are such things 
as photometers. 

I am not in any way connected with the light industry. I mention 
that because I am going to suggest that if you wish to have the 
lighting of your factory measured, there is an organisation which 
will do this for you. That is the Electric Lamp Manufacturers’ 
Association, and they are willing to help in any way they can. 
Also the Factory Department of the Home Office are extremely 
interested in the question of lighting. It may interest you to 
know that in the new Factory Bill to be put before Parliament 
there will be definite regulations made with regard to lighting. 
The Home Office recommend that the average illumination in 
factories for fine work should not be less than 3 foot-candles and 
for very fine work not below 5 foot-candles. 

Mr. GreorrrEY Woops: In connection with the use of the 
photometer, it seems to me this might be a somewhat dangerous 
instrument in, say, the hands of an inexperienced person. I could 
imagine someone walking round with one of these in a shop check- 
ing up points and arriving at standards of illumination grossly 
in excess of what is required. 

Mr. Weston : The photometer will only measure the illumination 
as it is, it will not tell you what it ought to be. It will tell you what 
you have now. With regard to the question of accuracy, until the 
last few years, when these electric photometers came into use it 
was definitely necessary to have an experienced observer to get 
really reliable readings, but the modern instruments are definitely 
simple to use. You must measure your illumination by observing 
where it is important you should have illumination of a certain 
value, and you can check up and see whether you are getting it or 
not. 
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Mr. Batpry : In these obs2rvations over six months, were they 
standard tests, and how were the opera‘ors paid? In any of the 
periods, say over six months, were the workers paid on results ? 

Mr. Weston: I cannot say if the tests were made with people 
who were paid on results, and I am sorry I cannot give you any 
comparative figures for different shops. We made some tests in 
Yorkshire with weavers and compared the production of night 
weavers with day weavers. The output of the night weavers was 
slightly above that of the day group, but the day weavers were 
women and the night weavers men. 

Mr. GuBert: I should like a definition of visual acuity and 
visual performance. Has any attempt been made to study the 
psychological effect of light from the angle of performance brought 
about by better health ? With regard to discharged light I have 
heard the point raised of the possibility of accidents happening in 
machine shops through the speed of rotation of the moving parts. 

Mr. Weston: That is a feature of discharge lighting and I 
believe in most cases it is rather a serious defect. I do not pretend 
to know much about the technical aspect of it but in any case 
where there is any suspicion of danger arising in that way it is 
certainly advisable to consult a lighting specialist or the lamp 
manufacturers themselves. With regard to the definition of visual 
acuity, it is really an expression of the ability of the eye to distin- 
guish an object of certain size at a certain distance. By visual 
performance I mean both the amount and accuracy of the visual 
work done in a given time. For instance, with these test sheets, 
the number of correct rings perceived in a given time, that is visual 
performance. With regard to the psychological effect of light 
I presume you mean the general effect on workers as to whether 
it improves their disposition or quickens their reactions. I think 
it does that, but it is difficult to measure. There is no doubt it 
does have an effect, and light can be used to depress or stimulate. 

Mr. Dicc1£: With regard to a machine shop, which is the best. 
way of lighting, locally or generally ? 

Mr. Weston: I should never approve of local lighting. It is 
often necessary to light machines, but if this is done there ought 
to be a sufficient amount of general lighting as well. I think it 
is always desirable to have general as well as local lighting, but 
it need not be of high intensity. Three foot-candles of general 
lighting is probably quite sufficient. 

Mr. Brazier ; There is one point I would like to ratse about 
people who work at night. At night older men are slower than 
younger men. I do not know whether you have investigated this 
point with men of different ages say 26, 30, 40, and 50. 

Mr. Weston: The question of the age of a worker is quite an 
important one, because visual capacity does diminish with age. 
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INDUSTRIAL LIGHTING 


We lose our power of accommodation and generally our eyesight 
deteriorates with age. It is a fact that iilumination which would 
be sufficient for younger workers would be inadequate for the 
older ones. This is a point to be borne in mind when assessing 
illumination required and you should study the age of your workers, 
and also the question of defective vision should be considered. 
All lighting installations should allow for the fact that some people 
have sub-normal vision. 

A vote of thanks was proposed by Mr. M. Woods, and seconded 
by Mr. Jewson to which Mr. Weston suitably replied. 
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SCIENTIFIC LIGHTING IN 
MODERN INDUSTRY. 


Paper presented to the Institution, Coventry Section, 
by J. W. Howell, D.L.C., A.MJI.H.E., E.L.M.A. 


Sight and Seeing. 


EFORE dealing with those factors which govern the applica- 
B tion of modern lighting systems in their various spheres it 
is essential that one should have a clear conception of those 
underlying principles which assist our sight and so increase our 
ability to see efficiently. There is no doubt that the light present 
has the quality of either assisting or impeding vision and it is pro- 
posed to deal briefly with this aspect of the subject. 

A large percentage of humans suffer from impaired vision, some 
of which may possibly be due to the misuse of artificial lighting and 
we have become so accustomed to working under conditions that 
inadequate or faulty illumination has become accepted as something 
which has to be endured. 

The primary function of the eye is to register accurately and 
speedily the picture displayed to view, whether that be a magnificent 
panorama or a delicate detail of machinery, transmitting that 
picture by nervous sensation to the brain which in turn acts as the 
control for the whole body. The evolution of the eye is extremely 
interesting and its design perfect for the purpose for which it was 
intended. Thus it more readily adapts itself to the natural conditions 
of lighting obtaining out of doors, being protected from the brilliant 
rays of the sun by the eyebrows and yet being able to see efficiently 
under high intensities. It will be appreciated therefore that when we 
transfer this highly delicate instrument (the eye) into other spheres, 
such as our homes and factoies, we are literally expecting it to 
operate under conditions where the intensity of light present is 
infinitesimal as compared with daylight. 

As in most other branches of science it is necessary before we can 
make our comparisons that we must have a unit of measurement 
which enables this to be carried out, in much the same way that 
we compare the relative temperatures of various elements in 
degrees Fahrenheit or Centrigrade as the case may be. The unit of 
light intensity is called the Foot-CaNnDLE, this being the intensity 
of light falling on a point situated at 1 ft. distance from a light source 
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of one standard candle. Measurement is obtained by the use of 
some form of light meter, the most popular variety now being of 
the photo-cell type which gives a direct reading in foot-candles. 


_ These instruments, which are extremely delicate in operation, rely 


on the fact that there are various substances, which when light falls 
upon them, set up asmall electric current. The photo-electric cell is 
connected to a small meter, the pointer traversing a calibrated scale. 
It cannot be too strongly emphasised that it is quite unsafe to rely on 
guesswork forillumination measurements and one of these instruments 
should be in the possession of at least every senior engineer engaged 
on this class of work. Furthermore, it definitely settles beyond all 
dispute the lighting intensity present. 

Now what are the intensities under which the eye operates 
naturally ? Surely those provided by nature herself. Under a 
brilliant sun it is quite common to register 10,000 foot-candles, 
whilst with a clouded sky 1,000 foot-candles is a common reading. 
Transferring our attention to artificial illumination prevailing in 
industry or the home; in the former in many cases three to five 
foot-candles is a usual feature and in the latter 10 foot-candles is 
considered by many lay minds adequate. This represents a percentage 
of approximately four in the first case and one in the latter, which 
would indicate a considerable reduction in the sensitivity of the eye. 
It is stated by some that electric lighting is too bright already but I 
suggest that with proper mounting and using the correct reflectors, 
there is at least room for a considerable increase in intensities before 
these limits are reached. 


Accuracy of Seeing. 


Not only has the demand for increased production in industry 
thrown an extra strain on the eyes but at the same time many 
branches call for precision work which was unheard of years ago. 
For example watch-making, fine turning, electric filament moun- 
ting, the fitting of small mechanical details, textile work, all call 
ing for exacting precision of operation. The ability to see quickly and 
accurately not only affects production but also materially affects 
the quality of the production. A recent report issued by a factory 
inspector showed that where an operative was expected to work 
to 1/10,000 in. under poor lighting a fault occurred and due to the 
fact that the fault passed undiscovered until the final stages were 
reached, a loss of £200 resulted in that particular article. 

Apart from these factors that of human psychology must be kept 
in view. Dull, gloomy interiors react detrimentally on a worker’s 
efficiency, undermining his constitution and rendering him liable 
to physical breakdown whch should not occur when good lighting 
is present. 
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Adequacy of Illumination. 


Having outlined the principles which control the power to see I 
propose to indicate what science has done and is still doing to meet 
the situation. If we are to obtain the greatest benefit from our 
lighting installations it is essential that light shall be present, 
suitable both in adequacy and character which will give the maximum 
assistance to operatives engaged in any particular calling. We have 
already established the fact that the process of seeing is bound up 
with the light present, for we have seen that visibility is affected and 
regulated thereby. A great deal has been done to determine the 
most suitable lighting conditions for the multitude of particular 
avocations for it is easily understood that different occupations re- 
quite individual treatment differing according to the provision of 
the task. For example a higher intensity of illumination is required 
for fine processes such as fine fitting than for rough turning and it 
now remains for industrialists to take advantage of recommended 
intensities which have been determined after exacting tests and 
extensive collection of data. These figures are now published in 
handbook form covering a wide range of commercial and industrial 
applications and can be obtained on application to the E.L.M.A. 
Lighting Service Bureau. I would point out that at the moment 
there are no compulsory regulations which are enforced but em- 
ployers are increasingly realising tha‘ it is in their own interests 
to improve their lighting conditions. There are, however, recom- 
mended figures issued by the Home Office of four foot-candles for 
rough processes and five for fine processes but it must be remembered 
that these are minimum figures and are not indicative of those which 
will give the best results. In fact they are not even the result of 
research but are the result of a survey taken many years ago, the 
figures arrived at being the average found for those processes, their 
definition, i.e., fine processes, etc., being also extremely vague. If 
I could show you what these figures really mean, as one could in 
the Bureau, you would realise how hoplessly inadequate they are 
for the majority of performances. In fact the result of later Govern- 
ment tests invariably proves this to be so as will be shown later. Will 
you please remember also that there are certainly conditions exis- 
ting where it is essential that not only should you have adequate 
lighting on the horizontal plane but also on the vertical. Take 
for example the horizontal drilling of a large boiler shell, where it 
would obviously be inadequately lighted if only the horizontal 
component were present. Fittings are now available however, which 
make full provision for this and will be described later. 


Vibration. 


It is seldom realised that vibration materially reduces the speed 
of vision. Tests conducted to determine the amount by which it is 
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necessary to increase the illumination to obtain the same speed of 
vision (visual acuity) under vibratory as compared with stationary 
conditions gave the following results. The tests were carried out on 
the Bakerloo railway, newsprint being used for the test object and 
an illumination of 2 foot-candles. When stationary the type could 
be read clearly at 3 ft. distance which was reduced to 24 ft. under 
vibration. This is shown to result in a reduction in speed of reading 
of 334%. In other words an increase of three times intensity is 
required to obtain the same speed of reading under vibratory con- 
ditions. This is extremely important for it means that in factories 
or offices where vibration is present a radical increase in illumination 
must result unless the workers’ eyes are to pay the penalty. It will 
be appreciated that this aspect deals with the vibration of the work 
only, the effect on the light source being dealt with at a later period 
in this paper. 


Lamp History. 


From the earliest times it has been essential that light should be 
present if successful working conditions are to prevail. Primitive 
industries crude as they were required artificial illumination after 
sundown and it was then that the search for illuminants commenced. 
Thus in the first case the cave fire or rush weeds supplied the only 
available artificial light source culminating at a later date in the 
introduction of the Roman lamp burning crude animal fats in the 
year 600 B.c. Even in those days the benefits derived must have 
far outweighed their cost for they were brought more and more 
intouse. Tallow candles made their appearance in the year A.D. 1800 
and strange though It may seem there are still works in this country 
where guttering candles form the only means of illuminating in- 
flammable substances such as cotton, down, etc. 

It is essential that you should understand how delicate is the 
construction of a modern lamp so that you may realise what a 
delicate instrument you have to deal with. Do you realise for example 
that the filament of a 40 watt high voltage lamp is .0006 in diameter 
and that a variation of .000002 in. in this diameter will result in a 
reduction of 600 hours in the life of a lamp. Remembering this it is 
apparent that you should use only those lamps which, by means of 
accurate and exacting control of every stage of manufacture, can 
guarantee a uniform product of high efficiency. These standards 
laid down in B.S.8. 161, 1936, are consistently maintained by the 
manufacturers grouped under E.L.M.A. It must never be forgotten 
that during the life of a lamp the value of current consumed is far 
in excess of the initial price of the lamp and in view of the general 
tendency of initially cheaper lamps to exceed their stated current 
consumption they become not cheap lamps but expensive as regards 
performance. 
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Further developments in lamp manufacture have placed on the 
market the electric discharge lamp which forms a most effective 
and economical method of lighting yards and sidings. It will be found 
that where danger is not likely to occur through confusion of railway 
signals with the greenish light of this lamp, it is to be highly recom- 
mended. In certain cases such as coal picking distinct benefits are 
claimed for the colour of the emitted light whilst the high luminous 
efficiency of the electric discharge lamp enables much higher illumi- 
nation levels to be reached from the same lighting points, and for the 
same current consumption. The initial cost of a discharge system 
is higher than the corresponding tungsten system; the resulting 
charges of operation over the life of the lamps are reduced consider- 
ably. A table of the main features of this lamp is given below. 


Mercury Vapour Electric Discharge Lamps. 
Initial luminous Lumens Overall Outerbulb Type 


output in per length diameter of 
Wattage lumens watt inmm. in m.m. Cap 
400 18,000 45 325+ 15 50 2 GES. 
250 9,000 36 290+ 10 50 2 GES. 
150 4,800 32 230+ 15 43 4 ES. 
500 12,500 25 Containing tungsten G.E.S. 
300 6,300 21 filament G.E.S. 


For positions where the colour is troublesome there exists a lamp 
which incorporates a tungsten filament—the composite unit to 
a great extent corrects colour distortion. An added advantage is 
that chokes and condensers are eliminated, the lamp screwing into 
a standard holder. It must not be forgotten, however, that the 
moment colour correction takes place, whether that be by mixing 
gases in the lamp itself or by any other means, the luminous efficiency 
is reduced, and consequently the available light is less for the same 
current consumption. 


Common Faults in Lighting Systems. 


The two greatest evils present in many cases are those of glare 
and harsh shadow which result not only in decreased production 
but also in increased faults, increased accidents and a lessening of 
morale amongst the workers themselves. 


Glare. 


This can be present in one of two forms. Direct glare usually 
occasioned by the use of the obsolete drop pendant system of lighting 
using conical iron shades suspended on the end of flexibles, is ex- 
tremely distressing. It is quite wrongly, I hope to prove to you, 
assumed to be a cheap system, in effect it is costly. You have no 
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doubt experienced the blinding effect produced by high powered 
lights being brought into the line of vision and the consequent 
reduction of sensitivity of the eye under those conditions. Yet 
it is surprising that with such abounding evidences of the effects of 
glaring light sources and their results, that otherwise modernly 
equipped factories persist in their use. Not only is the production 
chart affected but oftentimes, irreparable damage is done to the 
workers’ eyes, resulting in eyestrain, headaches, and allied neurotic 
complaints, the monetary value of which cannot be assessed. The 
obvious solution is to raise the position of the light sources until 
they are no longer in the line of vision and to use those reflectors 
which, by conforming to Home Office requirements, ensure that 
mounted in the correct positions, glare is eliminated when viewed 
in the normal position. Reflected glare is perhaps more insidious 
than direct glare for this is occasioned by the reflection of the lamp 
filament from the surface of polished metal or sheeny material on 
which the operative may be working. It will be seen that a modern 
system may easily produce this and hen%e it becomes necessary to 
use not only correctly mounted reflectors, but reflectors whose 
characteristics are such that they prevent this evil. Thus it is that 
diffused light sources find their application ; or in some cases either 
the alteration of the position of the worker or the work will rectify 
this trouble. A Government investigation into the evil of glare 
present in factories is given below, the test being conducted during the 
winter of 1932—1933. 
GLARE. 


CoNDITIONS PRESENT IN FACTORIES VISITED DuRING WINTER 
1932-3 By H.M. INspector oF FAcTorIEs. 


Government Investigation. 
Number of Factories in which the following conditions prevailed. 








Some Bad V. bad 
glare glare glare 
partially un- un- 
Factories No _ screened screened screened 
Industry visited glare lamps lamps lamps 
Cutlery we 108 28 54 21 4 
Engineering ... 22 6 ll 3 2 
Foundries... 13 6 8 4 1 
Silversmiths ... 75 12 39 18 6 
Steel Tools ... 61 12 27 15 7 
Steel Works ... 50 13 30 7 — 
Tenement 
Factories... 76 10 47 13 — 





Approximate percentage of factories in which glare was present— 
79%. 
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Harsh Shadow. 


Heavy shadows thrown across gangways or over moving machin- 
ery are a fruitful cause of industrial accidents for it can be proved 
that under such conditions harsh shadows can be easily mistaken 
for solids and vice versa. Do you realise that during 1932 the 
number of deaths caused by accidents in industry were 602 and that 
105,562 injuries were occasioned? These figures are authentic 
Home Office records and cost the industry £5,628,778 in com- 
pensation. That this heavy burden could have been considerably 
alleviated had good lighting been present is an accepted fact. Do 
you realise also that 70° of industrial accidents are caused by 
accidents such as falling down stairs, etc., and it is not an extra- 
vagent claim to assert that had glare and harsh shadow been 
eliminated this could have been considerably reduced. 


Light as an Aid to Production. 

It can also be established by modern tests that light has a definite 
productive value. The result of carefully controlled tests has 
established this beyond all doubt and the fact that many pro- 
gressive firms have adopted higher standards of illumination is 
convincing evidence of its practical value. The benefit derived 
will obviously vary with the class of work but increased production 
varying from 5 to 60% has been attained. A striking and 
authoritative test known as the Government Typesetting Report 
has established that it required 20 foot-candles in this particular 
case to give output figures equal to those attained under daylight 
conditions, the resulting increase in production over the original 
illumination of two foot-candles being 33%. In this particular 
case the improved lighting paid for itself twenty times over. 


AcTuaAL Statistics SHOWING THE PRODUCTIVE VALUE OF GOOD 
LIGHTING 





Old lighting New lighting Increase in 

Industry (Foot-candles) (Foot-candles) production 
Jute Weaving... 9.7 21.4 13.2% 
Silkk Weaving... 50.0 100.0 21.0% 
Wool Knitting... 5.0 50.0 20.0% 
Tape Weaving ... 6.5 12.0 11.0% 
Foundry ... sips 2.5 7.0 7.5% 
Tile Pressing sii 2.0 20.0 33.3% 


Improved Quality. 

From the many evidences available as to the benefits derived by 
improved quality of manufacture through better lighting I may 
refer in passing to the German Investigation dealing with silk and 
art. silk weaving. The translation has been carried out personally 
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and a graph has been prepared which shows in a simple manner 
of £ s. d. the net benefits derived. 

It may interest you to know that these statistics are authentic and 
have been received very favourably by the Textile industry. Will 
you please remember that the common wattage employed per loom 
is in the region of 100 watts. 

Full allowance has been made for all charges, installation, and 
purchase of new fittings and lamps, depreciation, increased current 
costs, and it is found that stopping up to 500 watts per loom the 
standard dispersive system gave a net yearly saving of 105s. 
whilst with directional lighting of the same wattage this figure rose 
to 205s. per annum. Thus you will see that with properly controlled 
lighting both with regard to wattage and direction a saving of £10 5s. 
per loom per year was obtained. Multiply this figure by the number 
of looms in a weaving shed and you will see that a considerable 
saving is effected. It is interesting to note in this case that the 
saving is made up of 15s. for production and the remainder by 
improved quality due to the correction of faults in the initial 
weaving stages. 


Types of Installations. 


Industrial lighting installations can be divided roughly into the 
following four classes: (1) General overhead lighting ; (2) localised 
overhead lighting ; (3) combination of general and local lighting : 
(4) specialised lighting. 

What ever system of lighting is employed the first essential is 
that of using reflectors and lamps of the highest quality, otherwise, 
even if the installation proved satisfactory initially, you will get 
defective lighting. 

It is essential to consider the local lighting as supplementary 
to a general lighting system giving a moderate level of illumination 
throughout the interior. This ensures that gangways and other 
extraneous areas are not left in darkness, and also obviates sharp 
contrast in the illumination when moving from one part of the shop 
to another, which may easily give rise to ocular discomfort, eyestrain 
and accidents. 


Special Lighting Problems. 


There are in industry many unusual lighting problems connected 
with specialised plant. These problems call for considerable 
experience and in some cases a certain amount of experimental 
work, as it is only by studying the individual requirements of each 
process that all the demands of vision can be met on complicated 
plant. For special problems such as these expert advice is essential 
if a satisfactory lighting installation is to be evolved. 

In the majority of works all lamps and fittings should be cleaned 
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regularly at intervals of four to six weeks ; soap and water being 
the best cleansing medium. In cleaning with soapy water care must 
be taken to rinse the fittings throughly, otherwise the film of the 
soap which remains will impair the reflecting and transmitting 
properties of the equipment. If detachable reflectors are employed 
cleaning is greatly facilitated, since a dirty reflector can be replaced 
by a clean one, thus necessitating only one trip up the ladder for 
each fitting. The process can then be repeated for the next dirty 
reflector, and so on until all the fittings in the shop are clean. 


Lighting Equipment. 


Standard Dispersive Reflectors. 


This vitreous enamelled steel reflector gives a wide distribution 
of light and is suitable for general overhead lighting in the majority 
of workshops and factories. The dispersive light distribution en- 
sures adequate illumination on both horizontal and vertical surfaces. 
To ensure satisfactory performance this reflector has been standard- 
ised under B.S.8. 232/1926, by the British Standards Institution. 
Tais specification controls the efficiency light distribution, and 
angle of cut-off for reflectors accommodating from 40 to 1,500 watt 
lamps. The skirting of the reflector ensures an angle of cut-off to 
conform to the Home Office recommendations for the reduction of 
glare. 

To provide uniform general lighting over a working area, the 
reflectors should be spaced a distance apart equal to one and half 
times their mounting height above the plane of work. 


Industrial Diffusing Fittings. 


The industrial diffusing type of fitting comprises a reflector 
similar in contour to the standard dispersive type in conjunction 
with an opal glass globe which completely envelopes the lamp. The 
illumination provided by fittings of this character is well-diffused 
and shadows are almost eliminated. 

These fittings are particularly suited to the lighting of fine assem- 
bly shops and for the examination of polished articles, as a high 
intensity of illumination is provided, unaccompanied by glare 
from the fitting. They also find ready application in Works Offices 
and Drawing Offices, since they do not rely on the reflecting proper- 
ties of the ceiling. Industrial diffusing units should be installed on 
the same spacing height ratio as standard dispersive reflectors. 


Concentrating Reflectors. 


The concentrating type of reflector, usually of vitreous enamelled 
steel, is designed chiefly for lighting shops where the mounting 
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height has for some reason to be considerable. They are usually 
installed above the travelling crane in large shops, and under these 
circumstances provide good illumination on the horizontal working 
lane. 
‘ They are marketed for use with lamps from 200 watts to 1,500 
watts, and the light distribution is such that when mounted high 
above the plane of work the minimum amount of light is wasted on 
the walls. 
To provide uniform illumination, concentrating reflectors should 
be spaced a distance apart equal to their mounting height above 
the plane of work. 


Angle Reflectors. 


Angle reflectors of vitreous enamelled steel are frequently em- 
ployed in large works to augment the illumination available from 
the overhead system. They are usually mounted on side walls or 
columns at a height of 15 to 20 ft. from the ground. Their use en- 
sures that vertical surfaces are well lighted, and in consequence 
they find ready application in coach works, paint shops, large 
erecting shops, etc., where a considerable amount of the work is 
done on vertical surfaces. Both parabolic and rectangular types, 
an illustration of the former is shown here give a considerable 
lateral distribution of light which builds up the illumination between 
the units. 


In addition to providing general vertical illumination in the 
manner described above, small sized angle reflectors are frequently 
extremely useful for the illumination of the working areas of the 


large specialised machinery found in food, paper, textile and other 
industries. 


Maintenance. 


The question of maintenance of lighting systems is one that is 
rarely appreciated. Dust and dirt are the worst enemies of light and 
if allowed to accumulate on fittings and lamps will seriously inter- 
fere with their efficiency. It is therefore recommended that for 
general purposes lamps and fittings should be thoroughly and 
systematically cleaned from every four to six weeks. Where steam 
or vaporous atmospheres are present this figure is greatly reduced 
and in the case of laundries for example, will be in the region of 
seven to ten days owing to the steam causing the foreign substance 
to adhere to the fitting. Government figures are available here also, 
the following chart showing the foot-candle reading with dirty 
reflectors whilst when cleaned the intensity increased to that 
shown in the second column. 
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MAINTENANCE. 


TABLE SHOWING RESULTS OF CLEANING LIGHTING EQUIPMENT 
IN Factories Visirep DurING WINTER 1932-3. 


Government Investigation. 








Foot-candle Foot-candle Percentage 
intensity with intensity with increased 
Industry dirty reflector clean reflector efficiency 
7 12 71 
Foundries 4 5 25 
Steel Works 2 3 50 
Bench Works 42.5 105 147 





Photometer readings taken by H. M. Inspector of Factor- 
ies immediately before and after cleaning of fittings gave 
the above readings. In only three factories out of 273 
visited was systematic maintenance present. 


Furthermore it is recommended that every lamp, irrespective of 
whether it is still burning, should be changed every 1,000 burning » 
hours. It is a fallacy to suppose that a lamp whilst still burning, 
even after its normal life, is giving full light output and the best 
results will be attained by working to the above figures. 

In conclusion, there are certain ¢lasses of industry which require 
colour corrected light. Where mixed colours are used or colour 
| matching is necessary are outstanding cases. In some cases the 
so-called “‘daylight blue lamp’”’ provides sufficient correction 
whilst in the more accurate matching it is necessary to use fully 
correcting apparatus. In the first case an approximate absorption 
of 50% of the light emitted from the filament takes place whilst 
in the latter 80°, must be allowed for. 
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Discussion. 


Mr. Rowton : In the case of correcting light by having a general 
lighting ‘scheme of mercury discharge lamps and an auxiliary 
scheme of incandescent light, would you not get a condition where 
the eyes are affected ? 

Mr. Howe zt : I can only say that if you mixed the colour before 
it catches the object at which you are looking there would be no 
unpleasant or harmful effect on the eyes. As a general rule, we 
would suggest you mixed at the light source rather than run the 
risk of getting that trouble. 

Mr. Enstre: Some years ago we had daylight lighting in our 
drawing office. There were three lamps across a room the size of this 
lecture hall, and we complained that we could not see. The lamps 
were doubled, but still we could not see, so we went back to ordinary 
lighting with reflected bulbs. How would Mr. Howell explain this ? 
Was it the way the light was reflected upwards on to a dull ceiling ? 

Mr. Howe: There are two ways to prevent that. Industrial 
diffused fittings eliminate harsh shadow, and corrected lamps 
inside the diffused glass relieves the glare of the light and at the same 
time gives you correction which is very useful in dealing with blue- 
prints. 

Mr. EnstiE: Yes, but I cannot understand why we did not get 
good results from daylight lamps. I have come to the conclusion 
that the light was reflected on to a dull ceiling. 

Mr. Howeti: Did you have the same wattage ? 

Mr. Enstiz: Yes, but twice as many lamps. Beneath each lamp 
was a thick blue glass shade. 

Mr. DraneE: Surely there was no need to have the thick blue 
shade underneath. 

Mr. HowELi: By the very fact of putting lamps in between 
you destroyed the whole effect of the lighting. 

Mr. EnstizE: We put in the same bulbs with ordinary lamps. 

Mr. HoweLi: I can only say that I should have to see the 
installation before giving an opinion, but it may interest you, in 
passing, to remind you that the lamp manufacturers have been 
responsible for the greatest developments which have occurred in 
the oval glasses. Some years ago, all our glass had to be obtained 
abroad ; now we manufacture it ourselves and it is of an extremely 
fine grade. 

Your absorption may have been 50%; to-day, you can get it 
down to a very low figure. You can use an oval glass where the 
absorption is as low as 8%. In our friend’s case here, the thick 
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glass underneath the bulb was totally unnecessary with that 
type of lamp. 

A MEMBER: From a photographic point of view, which would be 
the most suitable lighting—using a photographic enlarger with a 
diffuser ? 

Mr. How. : I should prefer to have notification of that ques- 
tion, but should advise you to get in touch with the manufacturers 
with whom you deal. 

Mr. Sincnair: I was very interested in the lecture and par- 
ticularly in the history of the lamp. I have tested out coil-coil 
lamps, and the gain in light power is exactly as the manufacturers 
claim, but we find they are very frail. Where we had vibration in 
a workshop, we found the lamp failures went up. We saw the 
manufacturers and they agreed. We cannot therefore use coil-coil 
lamps in a workshop ; it would have been a ruinous thing. With 
reference to the new lamps that are coming on the market shortly, 
I have seen them all, but those lamps each require a condenser and 
a choke which will make them terribly expensive. The lamp I 
think is going to make a name for itself is the dual lamp where you 
have a coil doing the controlling. These are very much cheaper, 
I should assume. May I have some information about the cost of 
this new lamp? Further, with reference to the dual lamp, Mr. 
Howell gave the figures of lumens per watt of straight mercury 
of 47 and 25. That is true for the first hour or two, but not after. 
Within that short time there is a luminosity fall in that lumens, I 
find the figure is about 38 in a 400 watt lamp, and after six months 
there seems to be a big fall. 

Mr. Howell tells us about throwing lamps away. I was recently 
through a very prominent lamp works. I was walking round the 
place and looked at a lamp of 1910 vintage. My guide—and by the 
way heis in the room at this moment—looked at it too and said the 
lamp had never been changed since it was put in. Referring to our 
mercury discharge lamps, 23 have apparently, according to Mr. 
Howell’s advice, reached the period of their useful life. The correct 
thing to do is to throw them away, since they have run somewhere 
in the neighbourhood of 3,000 hours. I spent some interesting hours 
in the laboratory of the B.T.H. Co., and saw their experiments. 
Mr. Howell never mentioned using ultra-voilet ray. From what I 
saw I should think there is going to be a great development on these 
lines. Lighting in foundries—I have heard about this light that goes 
round corners. I have been looking round the corners for these 
lights but I have not found them. In fact, I find that with that very 
clear light the definition is more pronounced. It is almost like 
moonlight. The shadows are deeper and the light parts brighter. 
I was surprised to hear the condemnation of sodium. Would it 
not be quite a good light for a smoky foundry ? With this sodium 
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light you get 60 lumens per watt. This has been developed largely 
in Holland. We know it is a yellow colour but nevertheless it is a 
pleasing light where there is mist or smoke in a foundry. I even 
wonder why it has not been more developed in this country. 

We have had a bad failure in fitting lamps in a foundry. One has 
to be careful of the corrosive effect of the sulphuric atmosphere. We 
put vizors underneath our lamps. Everything was all right for six 
weeks, and then a great falling off of light occurred. Twenty-five 
per cent. of the lamps had failed. We had the manufacturers along. 
The outer casings had broken and fallen. The lamps were loose in 
the holders and there was a white deposit which was cutting out the 
light. I believe this has also occurred with another make of lamp 
in a foundry in Birmingham. What part does ventilation play in 
the matter ? In those lamps and lamp holders there was no ventila- 
tion whatever. We have taken the vizors off, but it does not seem 
to have reduced the temperature very much. The maximum tem- 
perature registered was only 85°F., so it was not the outside tem- 
perature that caused the trouble. With reference to the smaller 
lamps, we have been experimenting. We have fitted some 300 
duallampsin that dispersive fitting. The men grumbled about a mov- 
ing shadow. I took one lamp out and put it into a test set and 
found that the mercury arc spiralled. Can you give me the reason 
why this happens on the small lamps? This is very disconcerting 
in a drawing office. One other point. Are the smaller lamps more 
voltage sensitive than the larger ones? We have never had lamps 
going out and then coming in again except onthe very small sizes. 
Say we have five lamps in a circuit ; about the third, fourth, and 
fifth lamps go out and come in again unless we are right up to the 
top of the voltage. 

Mr. Howszti: With regard to the frailty of the coil-coil lamps, 
we do not recommend them—nor does any lamp manufacturer of 
repute—where you have extreme vibration. They are developed 
as a general service lamp for house conditions and shop conditions. 
If you have extreme vibration you may even have to resort to the 
rough service lamp and in some cases even to the traction lamp. 
If you increase the weight of the filaments at the top, and heat it 
to a higher degree, you have the weight of the filament pulling on the 
supports all the time. You can understand sagging taking place 
and shorting across the filaments. The question of choke and con- 
denser: It is necessary on every one of the mercury discharge 
lamps to use a choke and condenser for satisfactory operation. The 
cost is high, but a case is made out for both types of lamps by the 
respective, manufacturers and you would have a job to choose which 
was which from the point of view of output. With regard to the ques- 
tion of old lamps in factories, if you would be good enough to 
inform me where you saw it ? 
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Mr. Sinciair : I would not do that ! 

Mr. HowELL: With regard to the life of discharge lamps, this 
should be 2,000 hours, as ugainst 1,000 hours. Florescent powders 
are in the experimental stage at the moment. There are distinct 
possibilities of lighting by discharge lamps in foundries. Mercury 
lighting is very near to moonlight in colour characteristics ; con- 
sequently, Mr. Sinclair’s remarks are true. Sodium—May I remind 
you that we have more mercury light operating in this country 
than the combined mercury and sodium in this country and the 
rest of the world put together. Dealing with street lighting, the 
science has altogether chariged from what it used to be. We used 
to have service lights for street lighting and relied on car-headlights 
to light up various objects. Now we see them in silhouette. 
Vibration—You may say sodium is the best under these conditions, 
but if you can standardise fogs we will standardise a light cource 
which will penetrate a different class of fog, but will be a different 
lamp every time. Failure of discharge lamps. This, I should say, 
is due to the uneven heating between the lamp socket and the lamp 
itself causing the cap to be overheated. 

Mr. SINcLatR : Do you consider the lamp ought to be ventilated ? 

Mr. HowELL : I should not be prepared to say without research. 
With regard to fluctuation of lumen output of lamps, my official 
output figures are—mean output of 400 watt size 47 initial 45 
throughout life. With regard to smaller discharge lamps being 
more voltage sensitive, I am afraid we have no tests taken out over 
any considerable period and I can therefore give you no information. 
I will make inquiries for you. Spiralling of the arc inside the 300 
watt size dual lamp—Was this on alternating phases ? 

Mr. Srncuatr: No. On one phase. 

Mr. Howe_it: One way you might get over it would be by 
staggering phases, which would of course mean double wiring. 

Mr. Srinciair: If you are talking about the telescopic effect, 
I disagree. If you have lamps of 20 ft. centres, the area affected is 
under the domination in that particular phase. The effect from 
this does not correct the telescopic effect. 

Mr. Daviss: I read a paragraph in the Sunday Observer recently 
regarding a lamp in a small tube, giving two and a half times the 
light of an ordinary lamp. Do you think this paragraph referrred 
to a lamp using mercury ? 

Mr. Howe LL: I think you will find that the lamp to which you 
are referring is the new moulded lamp coming on to the market 
very shortly. It is actually running at a higher lumen output than 
any other lamp. If we mounted the are of our filament in any 
ordinary glass we should have the filament disintegrating. 

Mr. Davies: Would the choke and condenser be necessary ? 

Mr. Howe: Yes. 
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Mr. HorrMan : The lamps, I suppose, are wired up on all three 
phases. Could you have three lamps running off one phase to stop 
the distintegrating effect ? 

Mr. HowELL: No lamps exist which can do that. 

A MEMBER: Some time ago I tried out the dual lamp referred 
to in conjunction with mercury lamps. I found a muddy light and 
I had to scrap them. I was glad to have Mr. Howell’s figures. 
With regard to the falling off of efficiency, I was under the im- 
pression that the falling off of light was 33% in twelve months. 
I was wondering, with the improved lights on the market within 
the last six months, whether there has been more efficiency or 
more maintenance of lighting. I was pleased to see the slide of the 
margarine factory—Iwas waiting for it. It was the only slide which 
showed correct factory lighting, except the slide of the printing 
works, i.e., the question of lighting the roof. All the engineering 
slides gave a good light on the floor, but I maintain the sharp 
contrast below the lamps and the darker space in the roof is very 
bad. Penetration of light from mercury lamps—I can bear out 
Mr. Howell’s remarks that this does take place on machinery. 
My experience on presses particularly was very surprising. Even 
with a double-sided press the light permeates right through the 
press. You can see all tools and the condition of the cutting edge 
with mercury vapour lighting. If, combined with this, you have 
light-coloured machines, you get a combination which gives you 
conditions equal to the every day light in factories. Supposing a 
room was completely illuminated by neon lighting, what would be 
the comparative costs? What is the overall comparison between 
neon lighting and mercury discharge lighting? Would the neon 
light be so cheap that the electrical manufacturers dare not come 
out with it ? 

Mr. HowELL: One thing I should like to know—is the life of the 
discharge resistance the 3,000 hours of Mr. Sinclair or my 2,000 
hours ? 

AnswEkR : A life of 2,000 hours. 

Then that is why you get the falling off. 

Mr. Stnciair: The fall in service is in the first month. 

Mr. Howe tL : I can only make inquiries. 

Mr. Ports : Solid reflectors in shops—May I suggest you can use 
solid reflectors which allow 10% of the light to go in an upward 
direction, still of the same type. 

Mr. Howe._: Referring to the question of neon lighting—by 
which I presume you mean red lights—I have no figures I can give 
you but I do not think the suggestion that we should be afraid to 
put this on the market would carry any weight whatever. I should 
say that mercury discharge lighting would be the more effective 
and economical system. 
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A Visitor: Has the other gentleman’s experience in the 
failure of mercury lamps always taken place around the outer 
envelope causing this to fall off? In my experience, in most cases 
the fracture has taken place in the wire separator coil round the 
upper wire first. I have had many failures take place, and I 
managed to catch one lamp before the envelope parted and found 
that the crack had taken place round that upper wire. In every 
case, I must state, the manufacturer has replaced the faulty lamp, 
but these failures have been happening frequently. 

Mr. Howe tL: It is quite possible that you will get the troubles 
you have mentioned with those lamps in their early stages. If 
you have those troubles the manufacturers are perfectly prepared, 
if it is a manufacturing fault, to replace free of charge. 














